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ABSTRACT
Previous studies have demonstrated that seasonal
physiological states can be experimentally induced in
white-throated sparrows by a hormonal manipulation that
takes into account temporal relationships between the
governing endocrine factors*

It was shown in these

earlier studies that if prolactin is injected twelve
hours after injections of corticosterone, the bird
developed large amounts of fat, some gonadal recru
descence and increased levels of locomotor activity, a
condition that approximates that found in the vernal
migrant.

If prolactin injections follow those of corti

costerone by eight hours, the bird becomes lean, less
active and has minimal gonadal development, a condition
that closely parallels that found in the stammer
refractory bird.

A hormonal treatment in which pro

lactin is given four hours after corticosterone causes
the bird to develop a moderate amount of fat, a
moderate increase in locomotor activity and minimal
gonadal development, a condition similar to that of
the autumnal migrant.
This study was done to determine the extent to
which yet another migratory parameter, migratory
orientation, might be influenced by a temporal synergism
xi

xii
between prolactin and corticosterone and if such a
hormonal basis for migratory orientation is disclosed,
to determine if this mechanism is sufficiently powerful
to induce orientation irrespective of the (1) initial
state of the bird (photosensitive/photorefractory),
(2) season and (3) environmental conditions.
Pour experiments were conducted at different
seasons under different environmental conditions, and
with different initial physiological states of the bird.
Several hormonal patterns were used and both untreated
and saline-treated controls were employed.

Results from

experiments done in late winter differed little from
results of experiments performed in either late spring
or late autumn.

Infection of prolactin twelve hours

after either corticosterone injections or the daily rise
in endogenous levels of plasma corticosterone induced
intense nocturnal activity oriented northward.

Birds

that received prolactin eight hours after either corti
costerone injections or a peak in endogenous levels of
plasma corticosterone displayed no orientation and no
nocturnal activity.

Birds that received prolactin four

hours after corticosterone injections directed their
nocturnal activity southward.
Environmental conditions that prevailed during the
testing period were noted.

Nocturnal activity was

greatest under clear night skies.

Although overcast

xiii
skies did not prevent migratory orientation, greater
angular deviation (a measure of dispersion) and
decreased levels of nocturnal activity were evident under
heavy overcast.

Humidity, wind direction and wind speed

did not appear to influence migratory orientation.
Measurements of fattening

and gonadal development

revealed that birds which oriented northward had large
amounts of fat and had moderate gonadal development;
birds which oriented southward had moderate amounts of
fat and no gonadal development.

There was a definite

tendency for orientation patterns to be individualized
and for a night of heavy activity to be followed by a
night of lessened activity and vice versa.

Lunar taxis

was evident in some birds but not to the extent that it
obscured the normal pattern of orientation.
It is suggested that the hormonal regulation of
seasonally distinct sensory states of the white-throated
sparrows accounts for seasonally distinct orientational
responses to environmental cues.

INTRODUCTION
It has heen noted for thousands of years that
animals characteristically express daily and seasonal
cycles of behavior, and a close correlation was observed
between the behavioral rhythms and environmental rhythms
(see Job 39:29; Jeremiah 8:7).

In the third book of the

Iliad, Homer describes the shouting of Trojan warriors
as "like unto birds, even as when there goeth up before
heaven a clamour of cranes which flee from the coming of
winter and sudden rain, and fly with clamour towards the
streams of ocean. . . . "

Thus it is easy to understand

how for thousands of years very little scientific inter
est was shown in behavioral rhythms of animals.

The

universal assumption was that the behavioral rhythms of
animals were imposed on the organism by the cyclic exter
nal environment.
That animals are not passive reactors to cyclic
external events was first demonstrated in the late 19201s.
Beling (1929) presented evidence that certain physiolog
ical processes are controlled by innate endogenous
rhythms and not by fluctuating external rhythms.

Later,

Welsh (1938), Brown and Webb (1948), Kleitman (1949) and
otherB (for comprehensive reviews, see Kleitman, 1949;
Burning, 1964) placed various animals under laboratory
conditions of constant light or darkness, temperature,

and humidity and found that the normal behavioral and
physiological rhythms of the organisms persisted for a
considerable time.

These and numerous other observations

(for reviews, see Bunning, I960; Harker, 196*0 demon
strated that internal chronometers regulate the persis
tent biological rhythms and that these biological clocks
are, for the most part, autonomous with respect to the
external environment.

As soon as animal behavioral

rhythms had been shown to be expressions of internal
chronometers, scientists all over the world became enthu
siastic about biological rhythms.

The most popular and

most commonplace rhythm was noted to have a period of
about 24 hours (circa=about, dies=day, or circadian) when
observed under constant light or darkness, temperature
and humidity.

Hart (1964) has reviewed the field of

biological rhythms and concluded that if one were to
choose at random almost any measurable activity from
food-gathering to egg-laying in any species of living
thing and sample it at regular intervals in the field or
in the laboratory, a rhythm would emerge from the data
which bears a fixed and repetitive relationship to the
day-night cycle.

Numerous experiments have shown that

animal circadian rhythms are little influenced by temper
ature fluctuations (Brown, et al., 1954; Hastings and
Sweeney, 1957; Aschoff, I960; Cloudsley-Thompson, I960;

Barrington, 1968) but that most circadian rhythms are
responsive to the daily photoperiod and that light acts
as the principal environmental time setter or synchro
niser (Bruce, i960; Hamner, I960; Lees, I960; Pittendrigh
and Minis, 1964; Famer, 1965; Chaston, 1968).

This is

understandable because, although circadian rhythms of
behavior in animals may be correlated with changes in
temperature, humidity and other environmental factors,
light intensity (photoperiod) is usually the most con
sistent and reliable factor.
The existence of endogenous circadian rhythms of
animal behavior suggests that there must be internal
rhythms (clocks) of the physiological parameters which
support the behavior.

The first investigator to record

a physiological daily rhythm in animals was Forsgren
(1928) who reported a persistent circadian rhythm
of glycogen levels in the rabbit liver. Since this discovery, a wide variety of circadian physiological rhythms
have been identified.

Body temperature of vertebrates

(Rawson, I960; von Mayersbach, 1965) heart rate of mam
mals (Kanabrocki, et al•, 1973), and tissue sensitivity
of various organs to hormones (Meier, et al., 1971a;
Meier and Martin, 1971) are a few of a long list of
physiological parameters that express circadian rhythms.
These data confirm that the internal environment of the
animal is not constant, but periodic and that the internal

milieu is a complex collection of cellular, organismal
and systemic clocks.

In order to produce an orderly

behavioral rhythm, it is essential that these numerous
internal clocks be controlled and synchronized in such
a way that they are appropriately phased with respect to
each other and with respect to the external environment.
The monitoring and regulating system must satisfy two
criteria in order to be considered right for the job.
It must have the ability to regulate, either directly
or indirectly, the specific internal rhythms that are
the basis for specific behavioral rhythms and it must be
autonomously rhythmic but responsive to the cyclic exter
nal environment (photoperiod, etc.).

The neuroendocrine

system has been proposed as the most likely candidate
for the job (Meier, in press).

This system, which con

sists of those tissues and organs of the nervous and
endocrine systems that share functional interrelation
ships via hormone interactions, has all the necessary
features to satisfy the criteria.

First, it has been

demonstrated that hormones produced in specific regions
of the brain and spinal cord (neurohormones or neurosecretions) regulate the activity and/or secretion of
important endocrine tissues which in turn produce endo
crine factors which regulate the metabolism, activity
and/or secretion of other endocrine tissues as well as

nonendocrine tissues (for reviews, see Wolfson, 1941;
Turner and Bagnara, 1971)-

Second, the neurosecretions

have circadian rhythms of synthesis and release (Wolfson,
1965; 1966; Hiroshige, et al., 1973; Sato and George,
1975) which are autonomous (persist in continuous light
and temperature) but are responsive to changes in the
photpperiod (Wolfson, 1941; Wolfson and Kobayashi, 1962;
Wolfson, 1966).
Since neurohormones typically exert their effect on
endocrine tissue, notably the pituitary gland, one would
anticipate that endocrine secretions from neurohormone
stimulation would have circadian rhythms of synthesis
and/or release.

This has been verified with respect to

pituitary levels of prolactin (Meier, et al., 1969),
ACTH (Hiroshige, et al*. 1973; Sato and George, 1973),
TSH (Bakke, et al., 1965; Singh, et al., 1967) and the
gonadotropins, BSH (Taya and Igarashi, 1973) and LH
(Greig and Weisz, 1972).

Unfortunately, few experiments

have been done which demonstrate a direct (causal) con
nection between an internal endocrine rhythm and an overt
circadian rhythm of behavior.

Halberg (1962) and Halberg

and co-workers (1959), reported that daily locomotor
activity rhythms of rodents and man were correlated with
daily rhythms of adrenal steriods.

Meier and co-workers

(1965), demonstrated that daily rhythms of nocturnal
activity in the white-crowned sparrow may be the result

in part, of daily rhythms of corticosterone.

Meier and

co-workers (1971b) simulated seasonal patterns of daily
rhythms of corticosterone and prolactin in the whitethroated sparrow by injections of the hormones and in
duced daily rhythms of nocturnal activity.

Although

voluminous data are lacking, it is generally conceded that
our fragmentary evidence indicates that the neuroendocrine
system, via the hypothalamo-hypophysial axis, monitors
and

transduces external cues and hormonally regulates

and synchronizes internal circadian rhythms.
Meier (1969a) and Meier and co-workers (1971b ,c) have
hypothesized that circadian rhythms of metabolism, bevarior and other physiological parameters are controlled
by a temporal synergism of daily rhythms of hormones,
notably corticosterone and prolactin.

These investiga

tors have not only discovered at least part of the inter
nal mechanism for the regulation of circadian rhythms of
behavior and physiological events, but their hypothesis
can be extended to explain the internal mechanism for the
regulation of seasonal rhythms as well.
The most intensively studied seasonal rhythms have
to do with birds and their migratory behavior (For re
views, see Helms, 1963; Weise, 1963; Famer, 1964; King
and Famer, 1965; Mewaldt, et al., 1968).

Prior to

migrating, birds deposit large fat stores, show some

7

gonadal development (in the spring), and, if caged,
express increased restlessness.

These events can he

induced by the administration of temporally specific
patterns of corticosterone and prolactin (Meier and
Martin, 1971; Meier, et al, 1971b).

Moreover, distinct

migratory states (vernal and autumnal) are regulated
by distinct temporal patterns of hormones.

Meier

(in press) has suggested that the timing mechanism
for the annual (seasonal) rhythms includes circadian
systems as well as neuroendocrine elements for the
annual clock must be responsive to photoperiodic infor
mation and also be able to regulate all the events of
the annual cycle in an orderly manner.

Meier proposes

that seasonal changes in the phases of daily hormone
rhythms regulate seasonal cycles of reproduction,
metabolism and behavior.

The photoperiod influences

the timing mechanism only to the extent that it is made
more precise in so far as the temporal relationships
between the endogenous and seasonally precise hormone
rhythms are concerned.
This study was done to determine whether a tempo
ral synergism of corticosterone and prolactin regulates
the seasonal cycle of migratory orientation in the
white-throated sparrow.

Of particular concern was

whether the temporal synergism of these endocrine

factors could induce orientation in white-throated
sparrows regardless of physiological state (photo
stimulatory or photorefractory) and environmental con
ditions (winter, spring or fall).

Results of this

study should increase our knowledge and understanding
of the relationship between avian temporal organization
and internal neuroendocrine events as well as elucidate
how the external synchronizeds) of animal behavior
interact with the neuroendocrine system to produce
meaningful physiological and behavioral integration of
the organism within itself and in relation to its
environment.

MATERIALS AND METHODS
The white-throated sparrow, Zonotrichia albicollis,
is classified as an intermediate range, nocturnal migrant
and like most migratory birds in the North Temperate area,
migrates northward to breeding grounds in the spring and
southward to wintering quarters in the fall (Figure 1).
They are small (15-20 cm in length; 20-35 g in weight),
hardy, eventempered birds that feed on weed seeds, grain
and several kinds of insects and do well in captivity.
These attributes plus the fact that they are plentiful
in the Baton Rouge area make this bird an ideal experi
mental animal for studies concerning avian migration.
Prior to each migration, the white-throated sparrow
undergoes a characteristic transformation.

Before vernal

migration the bird undergoes a partial molt, accumulates
large quantities of body fat, exhibits a slight degree of
gonadal recrudescence and displays increasing levels of
nocturnal activity or Zugunruhe. Before autumnal migration,
a complete molt occurs, moderate amounts of fat are
deposited, and the bird displays nocturnal Zugunruhe.
These parameters are important indices of a captive bird's
readiness to migrate (Wolfson, 19^2; deBont, 19^7; Famer,
1950; Eyster, 195*0•

Moreover, it is known that if the

bird is physiologically ready to migrate, its nocturnal
activity is oriented toward the seasonally appropriate

10
compass direction (northward in the spring; southward
in the fall).

This is true even if placed in any one of

several orientation chambers.

These devices have been

used to record both diurnal and nocturnal activity of
migrants under either natural or simulated environmental
conditions (Kramer, 1950, 1952, 1957; Sauer, 1957, 1961;
Sauer and Sauer, I960; Mewaldt and Rose, I960; Fromm, 1961;
Mewaldt et al., 1964; Emlen and Emlen, 1966; Emlen, 1967a,b).
The white-throated sparrows used in this study were
taken from wintering flocks in the Baton Rouge area by
the use of Japanese mist-nets and homemade hardware cloth
traps.

The birds were banded, sexed by using wing length

index, and temporarily housed in a large, outdoor
screened aviary (3-3 x 3*3 x 2.1 m).

Throughout

captivity, an abundant supply of Nutrena chick-starter
crumbles, fine cracked com, and water were available.
The drinking water was treated with an antibiotic/vitamin
supplement (Cosa-Terramycin fortified soluble powder).
This treatment afforded Vitamins A, Dj, K, E,
Riboflavin, Niacinamide, Pantothenic acid, and Oxytetracycline-HCl at a dose level that was calculated according
to the suggestion of Vohra (1971)-

At specified times,

birds were brought indoors for experimental treatment.
The birds were housed indoors (2-3 per cage) in wire
cages (23 x 36 x 28 cm) and maintained at a room
temperature of 25 - 4° C.
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The hormones used in this study were made available
through the generosity of the Endocrinology Study Section
of the National Institutes of Health.

The ovine prolactin

was assayed at 15 units per milligram and was admin
istered in physiological saline solution (25 ug per
injection) by subcutaneous injection (2? gauge needle,
1 cc syringe) in the upper left leg.

Since prolactin

solutions spoil readily, they were kept on ice at all
times.

Only an amount sufficient for three days was

made up at any one time.

Corticosterone, the major

adrenal steriod in birds (deRoos, 1963; Nagra et al.,
1963), was administered as a suspension in physiological
saline (25 ug per injection) by subcutaneous injection
(22 gauge needle; 1 cc syringe) in the upper right leg.
Corticosterone solutions were iced down along with the
prolactin solutions.

Care was taken to insure that the

hormones were injected far enough under the skin to
prevent any seepage from the injection site.

After each

injection, the puncture area was massaged gently to
facilitate the uptake of injectant and wound closure.
In Experiments 1, 2 and 3, Emlen's "footprint
technique" was employed to record orientational tendencies
(Emlen and Emlen, 1966).

The orientation cage was

composed of a cone of white blotting paper with the
smaller end (12-15 cm diameter) set in an aluminum pan
(20.5 cm diameter, 6.8 cm high).

The top of the paper

cone (36-38 cm diameter) was capped by a flat piece of
hardware cloth (46 x 46 cm) painted black.

The corners

were bent down to increase cone stability.

A thin

cellulose sponge (6.4 x 8.9 x 0.8 cm), moistened with
black printer's ink, was glued to the inner bottom of the
pan.

An aluminum shield (16 cm high; 39.5 cm diameter),

painted flat black on the inside, was placed on top of
the hardware cloth to block out peripheral landmarks and
horizon

glows; however, the shield still allowed a clear

view of the sky to within 30° of the horizon when the
bird was at the top of the cone and to within 55° of the
horizon when the bird was standing on the sponge.

A

light piece of opaque masonite (39*5 x 39-5 cm) capped
the apparatus.

Retaining bands were employed to prevent

the orientation cages from tipping over when the winds
were high.

A cut-away drawing of this arrangement is

given (Figure 2).

In actual operation, the unit was

inverted on the masonite cover, the pan was removed, a
test bird was placed in the exposed small end of the cone
and the pan was quickly replaced.

The unit was righted,

leveled, and aligned with a compass direction.

If

winds were high, retaining bands were attached to
stabilize the unit.

The bird remained inactive as long

as the masonite cover was in place.

When all was ready,

the masonite cover was removed and the test begun.

To

remove the bird, the above procedure was reversed.

The
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retaining bands were removed, the masonite cover was
replaced, the unit was inverted, the pan was removed
(with care) and the bird was extracted.
When a white-throated sparrow in migratory condition
was placed in one of these orientation funnels, it
exhibited good amounts of nocturnal activity (Figure 3).
The activity was recorded as ink smudges on the sloping
walls of white blotting paper.

The greatest density of

ink occurred in the section of the cone that lay in the
compass direction of the bird's intended migration
(Figure 3)-

When the paper cone was unstapled and

studied, it was possible to determine the amount of
activity, its mean orientational direction and its
angular dispersion.
In order to present and analyze the data in a
quantitative manner, each test cone was divided into eight
compass sectors of 4-5° each, representing the major
compass points.

Each cone sector represented the direc

tional alignment of the cone as it was set up during the
test.

Each sector was given a density value based on

the intensity of its ink smudges as compared with graded
densities on a standardized circular key containing values
ranging from 1 to 20 (Figure 4).

The larger values repre

sented greater intensities of ink smudges.

Thus the

higher relative values indicate the direction of the
intended migration of the birds.

These values were then
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subjected to an analysis of variance test for variable
activity or for dependent variable activity when the
experiment contained groups having unequal numbers.
Moreover, by expressing ink smudge densities quantita
tively, it was possible to convert all orientation cones
to circular orientational diagrams which greatly
facilitated presentation of data.

The mean orientational

vector, fS, was estimated for each test by vector analysis
(Batschelit, 1965).
cos $

~

jj|
2

sin $
+ y

= ^

2

in which r =

x

and

x

=

n^cos 45°+n2COS 90°+n^cos 155*..+ngCOS 560°
nt

and

y

»

n^sin 45°+n2Sin 90°+n^sin 135*..+ngSin 360°
'nt

where

n, is the number of units of activity in the
first 4-5° sector,

is the amount of activity

in the second sector, etc. and nt = total activity.
A measure of dispersion (similar to the standard devia
tion, s, of linear statistical theory), which for
circular distribution is the mean angular deviation, s, was
determined by the method used by Emlen (1967a,b).
obtained as follows:
s (in radians)

=

2 (1-r)

It was

This value was converted into degrees and along with &
and r, gave a complete quantification of each footprint
record.
In Experiment 4, orientation was determined with
cages (Figure 5) resembling the activity orientational
cages first used by Kramer (1950* 1952, and 1957) and
Farner and Mewaldt (1955) and later electronically
improved by Mewaldt and Rose (I960).

In our two cages

the floor consisted of eight movable sections of hardware
cloth, anchored at the center of the cage and slanted at
an angle of 30° with the bottom of the cage so as to rest
on individual microswitches fastened to the sides of the
octagonal cage (91 cm diameter; 46 cm high).

Each

microswitch was connected to a recording pen of a 20channel Esterline-Angus event recorder.

When the bird's

weight depressed a floor section, the microswitch of that
section was activated and the disturbance was recorded as
a mark on a continuously moving roll of heat-sensitive
recorder tape.

The chart speed of the recorder was set

at 3>81 cm per hour and by aligning the eight sides of
the cages with the eight compass directions (4 cardinal,
4 subcardinal), each mark on the recorder tape was
recorded with respect to direction of activity and time
of activity (Figure 6).

At this chart speed, there was

considerable overlapping of pen marks when the bird was
very active.

In order to give a relatively objective

quantification to the activity records, each record was
divided into eight minute intervals.

The activity

occurring in each eight minute interval for each compass
direction was assessed.

One activity unit was assigned

to each eight minute segment of tape that contained four
or more perch registrations.

The total activity,

registered in activity units, occurring in each compass
heading for a given test period was then determined.

It

is apparent that this technique results in extremely
conservative estimates of activity and that the directional
tendencies demonstrated by birds monitored with this
technique were in fact stronger than are represented here.
However, since absolute numerical values for nocturnal
restlessness were less important in this study than
relative values of orientational tendencies and since .
this technique gave both the time of activity as well as
the distinct directional preference of the activity, this
limitation was acceptable.

All test charts were sub

jected to analysis of variance for dependable variable
activity since the experiment contained groups with
unequal numbers.

The mean orientational vector,

and

angular dispersion, s, were estimated in the same manner
as described previously.

Food and water were available

at all times while the bird waB in the cage.

To obscure

the horizon and associated landmarks, a metal screen
(61 cm high, 3 m diameter) was placed around the cages.
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Since the metal screen enclosed both cages, an opaque
fiberglass barrier was placed between the two A-0 cages
to lessen the possibility of behavioral influences
between the two test birds (Figure 5)-

The movable floor

sections of the cages could be adjusted for increased or
decreased pressure on the microswitch and hence increased
or decreased sensitivity.

This permitted one to make

adjustments in switch sensitivity when unusually light
weight birds were being monitored.
A record was kept of the body weight, gonadal
development, degree of fattening, and state of molt
throughout the experiments.

The birds were weighed twice

weekly to the nearest gram on an Ohaus triple-beam
balance.

The furculum, abdomen, and axilla were inspected

frequently for subcutaneous fat deposits and the degree
of fattening was rated at one of four levels: none, light,
moderate or heavy (Wolfson, 194-5; Helms and Drury, I960;
Mueller and Burger, 1966).

To give quantification to the

degree of fattening, the fat levels were assigned
numerical values.

(0»no fattening, l«light fattening,

2»moderate fattening, and 3**heavy fattening.)
All tests were done on the flat roof of a one-story
building located at the southern end of the campus of
Louisiana State University.

Preliminary trials done with

stock birds that were held in an outdoor aviary demon
strated that neither the presence of the moon nor the
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slight northern sky glow from the city lights induced
nocturnal activity in this species of bird.

Therefore

all experimental tests were conducted with little regard
for the presence of these factors.

ClimabologieSl

conditions that prevailed during each test night were
obtained through the courtesy of the U. S. Weather Bureau
at Ryan Airport in Baton Rouge.

These conditions are

presented in chart form (Tables VT and XX).
A total of four experiments were done and since each
experiment had certain distinct materials and methods,
the descriptions are presented separately.
Experiment One.
Birds were brought indoors in early January, 1971»
o

and maintained in continuous dim light (0.29 lumens/m

at perch level) supplied by a low wattage (7 w, Sylvania)
incandescent bulb.

The birds were kept in continuous

dim light in order to avoid photoperiodic entrainmenfc of
endogenous rhythms that may be involved in orientation
and thereby capable of interfering with the rhythms set
up by hormonal treatment.

The birds were randomly

assigned to one of five groups.
three birds.

Each group contained

For a period of several weeks the birds

were allowed to adjust to the cages, handling, and
presence of the investigator and all other factors in
their immediate environment that might otherwise cause
preadjustment contamination of test results.

Beginning

on 1 March, Groups A, B, and C were treated with ovine
prolactin injections four, eight, and twelve hours
respectively, after the times (0800) of corticosterone
injections.

Corticosterone was injected every other day

at 0800 because a single injection sets up circadian
rhythms of tissue responsiveness to prolactin that
persists for at least several days in conditions of
continuous light (Meier and Martin, 1971; Meier, et al.,
1971a* Meier, et al., 1971b).

Several control groups

were included in this experiment.

Group D consisted of

birds injected with saline rather than corticosterone at
0800 and then given prolactin twelve hours later.

Group

£ was composed of untreated birds held indoors with the
experimental birds.

In order to compare indoor birde

with those maintained under natural conditions, a sixth
group, Group P, was included and consisted of birds held
in large screened outdoor aviaries.

After eleven days of

hormonal treatment, the orientation of all birds was
tested between 2100 and 2A00 on 11, 12, and 13 March,
1971*

Orientation cones were analyzed individually and

sectorially ranked for the construction of orientation
diagrams.

An analysis of variance was made to test the

null hypothesis that any activity that appeared would be
random and that no consistent orientation would occur in
any group.

This assumption was valid inasmuch as

untreated birds from the outdoor aviary showed no activity
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at all when placed in the orientation cages in early
March.

Records of body weight, indices of fattening and

gonadal development, as well as the state of molt were
kept (Table I).
Experiment Two.
This experiment was performed during the vernal
migratory season in May and involved four of the same
groups of birds that were used in Experiment 1.

The

experimental treatment was changed among the groupB so
that the group that received prolactin infections four
hours after the administration of corticosterone in the
first test (Group A, Table I) was given prolactin at
twelve hours after the infection time of corticosterone
(0800) in the second test (Group B, Table VII).
Similarly, those birds that received prolactin twelve
hours after corticosterone in the first test (Group 0,
Table I) were infected with prolactin at four hours sifter
the infection time of corticosterone in the second test
(Group A, Table VII).

The two remaining groups (C and D)

were the same as those (Groups D and F, respectively)
used in Experiment 1.

Since Groups B and E showed little

response in Experiment 1, they were not used in Experiment
2.

There were three birds in each group and lighting,

orientational apparatus, hormonal dosages, and feeding
were the same as in Experiment 1.

The hormone infections

were begun on 2 May, and the orientational tendencies

21

of all birds were tested between 2100 and 2400 on 8, 9»
and 10 Hay, 1971-

Records of body weight, indices of

fattening and gonadal development as well as state of
molt were kept (Table VXI).
Experiment Three.
This experiment was performed in the late winter of
1972 along the same lines as in Experiment 1 except
larger numbers of birds were used and additional groups
of controls were used.

The birds were brought indoors in

January, 1972, divided into six groups containing five
birds each, and maintained in continuous dim light as in
Experiments 1 and 2.

After several weeks of acclimation,

injections were begun on 28 February.

Ovine prolactin

was injected daily at four, eight, or twelve hours
(Groups A, B, and C, respectively) after the time (0800)
of corticosterone injections which were administered on
alternate days.

Groups D and E received injections of

saline at four and twelve hours, respectively, after the
time (0800) of corticosterone injections (Note:

these

control groups differ from those used in Experiment 1).
Group F was an untreated indoor contol.

All birds were

tested for orientational tendencies on at least two of
the three test nights (10, 11, 12 March), between 2100
and 0100.

Records of body weight, indices of fattening

and gonadal development, as well as state of molt were
kept. (Table XII).
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Experiment Four,
The three previous experiments were done either in
late winter or in early spring.

This experiment was an

attempt to determine if a corticosterone/prolactin
regimen could induce vernal (northward) orientation in
photorefractory white-throated sparrows.during the fall.
Birds brought indoors and placed on long photoperiods in
the late summer can be kept in a photorefractory state.
Therefore, twenty photorefractory white-throated sparrows
were brought indoors on 10 September, 1971* and placed on
sixteen hour daily photoperiod (04-00-2000).

The repro

ductive system was fully regressed in these birds as
indicated by a complete absence of gonadal protuberance.
2

The intensity of light was 350-400 lumens/m

at perch

level; the changes from light to dark and dark to light
were abrupt.

After two and one-half weeks of acclimation

to the cages (holding as well as orientation cages) and
rQom, ovine prolactin was injected daily beginning on 28
September at 0500, 0900, or 1300 (Groups A, B, and C,
respectively).

Because the daily increase in the plasma

concentration of corticosterone occurs within a few hours
after the onset of dark in photorefractory white-throated
sparrows in late summer (Dusseau and Meier, 1971) as well
as in the fall in birds in autumnal migratory condition
(unpublished data from our laboratory), it was assumed
that the groups received prolactin at approximately

eight, twelve, or sixteen hours (Groups A, B, and C,
respectively) after the time of the daily increase in
endogenous plasma corticosterone.

In addition tb the

groups that were treated with prolactin, several other
groups were included for purposes of comparison and
control.

One control group (Group D) was injected with

physiological saline (0.02 ml) instead of prolactin at
0900.

This group served as a control for the C-P-12

group.

Another group (E) was also kept indoors but

untreated.

Group F was composed of untreated birds

maintained in a large outdoor aviary.

There were three

birds in Groups A, D, E, and F; six birds in Group B;
and five birds in Group C.

The birds were placed in the

octagonal orientational cages in the afternoon preceding
the test night.

The nocturnal orientation of birdB

between 2000 and 0300 was monitored for all birds.

The

dates of testing and other related information are
provided (Table XVII).

Body weight, indices of fattening

and gonadal development, as well as stage of molt were
monitored (Table XVI).

RESULTS
Experiment One, Late Winter Testa
Body weight, fat stores, cloacal protuberance and
molt of birds kept indoors (Table I, Groups A-E) closely
paralleled that observed in birds maintained outdoors in
screened aviaries at the same time of year (Table I,
Group F).

In effect all birds were generally light, lean,

and reproductively quiescent.

There was relatively little

feather loss and/or replacement.
Hormonal treatment was initiated 1 March and by 10
March differences in body weight and fattening were
recorded (10 March, Table I).

All the birds'that

received daily injections of prolactin either

four

(Group A:C-P-4) or at twelve (Group C:C-P-12) hours
after the time of corticosterone injections became
heavier and fatter.

Some birds gained as much as eight

grams in body weight (C2) while others gained as
little as three grams in body weight (A2)» The gain in
body weight ranged from 12 percent (A2) to 33 per cent
(02)*

*n general the C-P-12 birds gained more weight

and were fatter than the C-P-4 birds.

The respective fat

levels and body weights of the C-P-12 and C-P-4 birds were
comparable to values found in feral as well as captive
white-throated sparrows immediately preceding vernal and
24
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autumnal migration.

(King and Farner, 1965; Helms, 1968;

Meier, et al., 1969; also see Table XX).
After eleven successive days of hormonal treatment,
the nocturnal activity and orientational tendencies Of
all birds were tested between 2100 and 2400 on tlhree
successive nights (March 11, 12 and 15).

The results of

these tests are provided in the form of raw data
(Table IX), vector diagrams (Figures 7-12) and are also
compared with several physiological parameters (Table IV).
None of the birds in Groups B, D, E and F (Table II,
Figures 8, 10, 11 and 12, respectively) displayed any
substantial amount of nocturnal activity on any of thb
test nights.

None of these birds weighed more tlhan 24

grams or had a fat index greater than one (Table I anil
III).

Thus, birds maintained indoors (Groups B, D and E)

were physiologically and behaviorally indistinguishable
from birds maintained in screened outdoor aviarieB
(Group F).

In contrast to these unresponsive groups,

the C-P-4 and C-P-12 birds displayed significant: levels
of nocturnal activity (Tables II and III).

The orienta

tion cones were quantified and subjected to analysis of
variance for variable activity (H0 = randomness) as well
as to vector analysis.

The C-P-4 birds displayed a highly

significant (P<0.01, Tables IV and V) oriented activity
toward the south (between SSE and SSW) whereas the

C-P-12 birds displayed a highly significant (P<0;01,
Tables IV and V) oriented activity toward the north
(between NWW and NNE).

The group mean direction and

mean angular deviation of the C-P-4- birds were 208° and
58°, respectively, demonstrating a tendency to orient to
the SW.

The group mean direction and mean angular

deviation of the C-P-12 birds were 22° and 61°, respec
tively, indicating a tendency to orient to the NE.
There was no significant difference between the ^roup mean
angular deviations of the two hormone-treated groups
indicating that orientation was equally well directed;
An analysis of the nightly orientational paitternb
of individual birds (Figures 7 and 9), revealed a unique
and consistent pattern of orientation for each bird
(Table V, F»1 for Bird x Day; Table III).

The nightly and

overall mean directions as well as the nightly and overall
mean angular deviations for all test nights are given
(Table III).

These results illustrate the individualiza

tion of avian orientation.

For example, the overall mean

direction of Bird A-^ was 196°.
direction of Bird

Wo single nightly mean

differed from this value by more

1
than 7o • Similarly, the nightly directions of Birds
Ag

and A^ did not deviate more than 9° and 8°, respectively,
from their average mean directions.

The same tendency

was evident in two of the three birds in the C-P-12
group.

Mewaldt and co-workers (1P64-), working with
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white-crowned sparrows (Zonotrichia leucophrys gambelii)
and with white-throated sparrows, and Emlen (1967a,b)
working with the indigo bunting, also reported individ
ualization of orientation patterns.

The individual

patterns of the white-throated sparrow were the most
consistent.

Since white-throated sparrows migrate in

flocks, this individualization of migratory oriehtatibn
may well be an artifact of testing in isolation and mky
have little relevance to the normal migratory picture*
There was heavy cloud cover during the test periods of 11
and 12 March, whereas there was no cloud cover on 13 faarch
during the test hours (Table VI).

Nocturnal activity and

accurate orientation were demonstrated irrespective of
cloud cover in both C-P-4 and C-P-12 groups (Figures 7
and 9; Tables II and III).

There was greater activity on

the nights of 11 and 12 March than on 13 March.

There was

no significant difference in mean direction nor in mean
angular deviation that could be attributed to the degree
of overcast.

This finding agrees with one study done by

Mewaldt and co-workers (1964) who found that whitethroated sparrows display activity and orient properly
under overcast skies.

They observed that orientational

activity was sometimes decreased under overcast skies
but never prevented and always properly oriented for the
season.
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Emlen (1967a,b) observed that the nocturnal activity
of indigo buntings decreased under overcast skies, and
in some cases the orientation became random.

Species

differences may account for this decreuancy.
C_p_4- and C-P-12 birds differed in other ways besides
directional orientation.

C-P-4 birds were lighter in

weight, had smaller gonads and expressed less nocturnal
activity than C-P-12 birds (Tables I and III; Figures 8,
10, 11 and 12).

These findings agree with other studies

(Meier, e_t al., 1971a; Meier and Martin, 1971).

Only

C-P-12 birds had any gonadal development (Table I).
Representatives from each group molted to some degreeL
However, molting was limited to feathers of the head and
neck region with no involvement of wing and tail feathers.
Little differences were noted among birds in Grofaps
B, D, E and F in regard to changes in body weight,
fattening and gonadal development during the course of
the experimental period (Table IV).

Moreover, no statis

tically significant nocturnal activity nor orientation
was ever demonstrated by any of the birds in these gtfouos.
In contrast, C-P-4 birds (Group A) and C-P-12 birds
(Group C) responded behaviorally and physiologically ,as
though they were in autumnal and vernal migratory stdtes,
respectively (see Table XXI and comnare with birds of
Groups A and C of Table I).
Lunar taxis was evident in some birds but not to the
extent that the mean direction of orientation was different
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from that expected.

Brown and Mewaldt (1968), in ari

in-depth study of the behavior of sparrows of the mentis
Zonotrichia during lunar cycles, showed clearly that iunar
taxis has little effect on migratory orientation.
i

There appeared to be a relationship between the
amount of nocturnal activity and body weight.

Bird

exhibited greater nocturnal activity than Bird
A£ greater than Bird

(Figure 7),

add

This sequence in
*

behavior was directly proportional to their body weights
(Tables T and JTT).

Birds

and

had about the same

amount of nocturnal activity and they both had greater
activity than Bird

(Figure 9)-

birds followed the order, C-^ « C? >

The weights of theke
(Table I and III>i.

Mewaldt and co-workers (1964-) and Brown and Mewaldt
(1968) have shown a similar relationship with birds of
i
i

this same genus.

No consistent correlation was observed
i

between the quantity of nocturnal activity (or orienta
tion) and temperature, humidity, wind speed, or wind
direction.
According to an analysis of variance for variable
activity, group directional orientation was consistent
from one day to the next (F = 1, for Group x Bay x
Direction Table V).
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Experiment Two. Late Spring Testa
All birds that received prolactin four (Group A:
C-p-4) or twelve (Group B:C-P-12) hours after corti
costerone injections and all untreated outdoor controls
(Group D:U0C) gained weight and deposited from moderate to
heavy amounts of fat (Table VII).

There was a slight

degree of gonadal development in all three groups as well.
Birds that received prolactin twelve hours after physio
logical saline (Group C:S-P-12) were unchanged.
displayed any degree of molt.

No bird

Pull song was detected in

members of Groups A, B and D but it was not necessarily
associated with gonadal development (B2 and

had no

gonadal development but sang as well as B^, Table VII).
After one week of hormonal treatment, the nocturnal
activity and orientational tendencies of all birds were
tested between 2100 and 2400 on three successive nights
(8, 9 and 10 May).

The results of these tests are pro

vided in the same fashion as was done in Experiment 1
(Tables VIII and IX; Figures 13-16).

The C-P-4, C-P-12

and untreated outside controls (U-O-C) birds (Groups A,
B and C, respectively) were active whereas none of the
*
S-P-12 (Group C) birds displayed any significant nocturnal
movement (Figures 13* 14 and 16 as compared with
Figure 1$; also Table VIII).

None of the S-P-12 birds
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weighed more than 24 grams or had a fat index greater
than 1 (Tables VII and IX), and U-O-C birds were fat and
heavy.

The orientation cones were quantified arid sub

jected to analysis of variance for variable activity
(HQ = randomness) as well as to vector analysis.

The

C-p-4 birds displayed a highly significant (P<0^01,
Tables X and XI) oriented activity towards the south
(between SSE and SSW) whereas the C-P-12 and U-O-C
birds displayed a highly significant (P<0.01, Tables X
and XI) oriented activity toward the north (between UNW
and NNE). The group mean direction and mean angular
deviation of C-P-4 birds were 200° and 61°, respectively,
demonstrating a tendency to orient to the SW (Table IX).
The group mean direction and mean angular deviation of
the C-P-12 birds were 12° and 54°, respectively, demon
strating a tendency to orient to the NE (Table IX).

The

group mean direction and mean angular deviation of the
U-O-C birds were 16° and 60°, respectively, demonstrating
a tendency to orient to the NW (the natural heading for
this time of the year) (Table IX).

There was a 7°

greater angular deviation in C-P-4 birds than in C-P-12
birds which indicates greater dispersion.

Other investi

gators have noticed that southward migratory orientation
is somewhat more diffuse than northward orientation.
(Mewaldt and Hose, I960; Mewaldt et al., 1964).
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A high degree of individualization of orientational
patterns was observed.

There were no statistical

differences in nightly records of individual actlivitiy
patterns (F=l for Bird x Day, Table XI).

The high con

sistency in nightly mean directions and mean angular
deviations of individual birds was obvious (Table IX).
For example, the overall mean direction of Bird
190°.

was

No nightly mean varied from this by more than 1°.

The overall mean direction of Bird A^ was 196°.

No

nightly mean varied from this by more than 10°.

Individ

ualization of the orientation pattern did not occur in
one bird (A2) and U-O-C birds displayed highly individ
ualized orientation patterns also, with none varying more
than 3° and 9°* respectively, from their overall raeah
directions.

White-throated sparrows appear to be onei of

the few species that display such accuracy of orientation
(Mewaldt et al.« 1964).
There was complete cloud cover on two of the thtfee
test nights (9 and 10 May, Table II).

Nocturnal activity

persisted and orientation was still evident in all groups
(Figures 13» 14 and 16).

There was no significant

difference in mean direction nor in mean angular devia
tion in any bird that could be attributed to the degree
of overcast (Table XII).

Others have observed that the

white-throated sparrow ignores cloudiness and even rain
in its orientative display (Mewaldt et al., 1964).
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C-p-4- birds and C-P-12 birds differed in total body
weight and fattening.

In general, C-P-12 birds were

heavier and fatter than C-P-4 birds.

However, members

of both C-P-4 and C-P-12 groups displayed some gonadal
development in this experiment.

No evidence of molding

was observed in any of the groups.
Physiologically and behaviorally, C-P-4 and C-P-12
birds appear to be in autumnal and vernal states,
of migratory readiness, respectively (See Table XXI and
compare with Groups A and B of Table VII).

Furthermore,

U-O-C birds and C-P-12 birds had similar physiological
behavioral expressions except that there was greater
gonadal development in the U-O-C birds.
C-P-12 birds oriented better during the time (May)
of their normal migratory experience (compare the overall
mean angular deviations of Group C, Table IX with Group
B, Table III).

However, there was no significant dif

ference between the two groups with regard to amount of
activity.
Although the moon was visible in the SE during
portions of the test periods (Full moon was on 10 May),
there was only minor evidences of significant lunar
taxis.

Some birds were influenced more than others

(compare A?1 Figure 13 with B2, Figure 14).

This dif

ferential response to the moon has been recorded by other
investigators (Hamilton, 1962a; Brown and Mewaldt, 1968).

There was a positive relationship between weight and. the
amount of nocturnal activity in the C-P-12 and U-O-C
birds.

The body weights of C-P-12 birds in descending

order were B£>Bj >B^(Table IX).

This was the same order

for the amount of orientational activity these birds
expressed (Figure 14).

The body weights of U-O-C birds

in descending order were Dg “

(Table IX).

This is

the same order for the amount of orientational activity
for the U-O-C birds (Figure 16).

C-P-4 birds did not

demonstrate any positive correlation between body weight
and amount of nocturnal activity.

Rather, lighter birds

had greater activity than heavier birds.

No consistent

correlation was observed between quantity of nocturnal
activity (or orientation) and temperature, humidity; wind
speed or wind direction.
An analysis of variance for variable activity
demonstrated that group directional orientation from one
day to the next was consistent (Table XI; Group x Day x
Direction, F = 1).
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Experiment Three. Late Winter Tests
There was no consistent change in body weight,
fattening, gonadal development, or molt in any bird in
any group from 11 February to 25 February (Table XII).
Indoor birds (Groups A-E) looked and behaved like outdoor
controls (Group F).

All birds were lean, light-weight,

reproductively inactive and fully feathered.
Hormonal treatment began 28 February and ended
8 March.

Differences in body weight and fat levels were

tabulated (Table XII, 8 March).

All the C-P-4- and 6-P-12

birds became heavier and fatter.

The gains in body weight

ranged from 8 per cent to 50 per cent (Birds A2 and C^,
respectively).

No bird in these two groups failed to

gain weight following one week of hormonal treatment.
C—P—12 birds gained more weight (Mean change in body
weight = 6.5 g.) than C-P-4 birds (Mean change in bbdy
weight = 5*6 g.) and were fatter (Group fat index * 2.4
and 1.6, respectively).

The fat levels and body weight

of C-P-4 and C-P-12 birds were similar to values foiind
in C-P-4 and C-P-12 birds, respectively, in Experiments
1 and 2.

The fat levels and body weights of C-P-4 and

C-P-12 birds agree with values found in feral as well as
captive white-throated sparrows during autumnal and
vernal migration, respectively.

(King and Famer, 1965;

Helms, 1968; Meier, et al., 1969).

After nine days of hormone administration, the
nocturnal activity and orientational tendencies of all
birds were tested between 2100 and 2400 on three succes
sive nights (10, 11 and 12 March).

The results of these

tests are presented in the same manner as was done in
Experiments 1 and 2 (Table XIII and XIV, Figures l?-22).
Only C-P-4 (Group A) and C-P-12 (Group C) birds
displayed nocturnal activity (Figures 17 and 19; Table
XIII).

None of the birds in Groups B, D, E and F

(Figures 18, 20, 21 and 22, respectively, and Table XIII)
showed any consistent nocturnal activity on any test
night.

All birds in Groups B, D, E and F were lean and

had light body weights (Tables XII and XIII).

Birds

maintained indoors (Groups B, D and E) were behaviorally
and physiologically indistinguishable from birds main
tained outdoors in screened aviaries (Group F).

C-P-4

and C-P-12 birds displayed significant levels of noc
turnal activity (Table XIII).

The orientation cones were

quantified and subjected to an analysis of variance for
variable activity (HQ = randomness) as well as to vector
analysis (Table XIV, XV).

C-F-4 birds displayed a

highly significant (F<0.01), oriented activity toward
the south (SSE to SSW) whereas C-P-12 birds displayed a
highly significant (P<0.01), oriented activity to the
north (NNW to NNE).

The group mean direction and*mean

angular deviation of the C-P-4 birds were 194° and 55°*
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respectively, demonstrating a tendency to orient to the
SW.

She group mean direction and mean angular deviation

of the C-P-12 birds were u ° and 50°, respectively,
demonstrating a tendency to orient to the HE.

C-P-4-

birds had greater angular deviation than did C-P-12
birds (55° as compared to 50°).

This agrees with results

obtained in Experiment 2.
Individual birds expressed highly individualized
orientation patterns but not to the degree as was
observed in Experiments 1 and 2.
only Birds

and

Of the C-P—4- birds,

(Table XIII and Pigure 17) demon

strated individualized headings.
There was no overcast on the first two test nights
and only a partial overcast on the third test night
(Table VI).

Nocturnal activity and orientational

accuracy remained constant.

This agrees with results

obtained in Experiments 1 and 2.
C-P-4 birds were leaner, had lighter body weights
and less gonadal development than C-P-12 birds (Table
XII).

Molting occurred in all groups and was limited to

the head, neck and back areas with no involvement of
wing or tail feathers.

C-P-4- birds and C-P-12 birds

were behaviorally and physiologically indistinguishable
from birds in the autumnal and vernal migratory state,
respectively, (compare Groups A and C, Table XII with
October and May birds of Table XXI).
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Although the moon was present it was not visible
to any of the birds in this experiment (the third quarter
was on 8 March) so no element of lunar taxis was ob
served.

There was a great deal more activity on moonlit

nights than there was when there was no moon present.
(Compare Figures 17 and 19 with Figures 7 and 9 ,or 15*
14 and 16).

Rather than prohibiting orientational

activity* moonlight appeared to induce greater activity.
There was a slight positive correlation between
weight and the amount of nocturnal activity within
groups.

C-P-12 birds had a greater correlation than

C-P-4 birds.
fattening.

All birds that oriented had some degree of
However, in some instances the fat index did

not correlate with the amount of nocturnal activity.
(Compare Birds A^ and Aj of Figure 17 and note in Table
XIV that A^ is 2 grams lighter than A^.)
No correlation was observed between levels of
nocturnal activity (or orientation) and environmental
conditions of temperature, humidity, wind speed or wind
direction.
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Experiment Pour*

Late Autumn Tests

Body weight, fattening, cloacal protuberance and
molt of birds kept indoors, from 2 September to 16
September, closely paralleled that observed in outdoor
controls (compare Groups A-E with Group P Table XVI).
All birds had light body weights, were lean, and reproductively inactive.

Post-nuptial molting was over by

15 August.
Hormone treatment was initiated 28 September and
by 8 October differences in body weight and fat levels
were recorded (Table XVI).

C-P-12 and C-P-16 birds

(Groups B and C, respectively), became heavier and
fatter.

However, C-P-12 birds were fatter and heavier

than C-P-16 birds.

Only one bird (#4-318) in C-P-16 had

a fat index greater than one, whereas four out of six
birds in C-P-12 had fat indexes of two or more.

Only

one bird (C-P-12 bird #4083) displayed gonadal develop
ment.

In general, weight gains in these photorefractory

birds (C-P-12 and C-P-16) were not as rapid nor as high
as those values recorded in the photosensitive birds of
Experiment 1, 2 and 3 (compare Table XVI with Tables I,
VII or XII).

Nonetheless, the body weight and fat levels

were high enough to suggest that the birds were in the
migratory condition.

After nineteen days of hormone treatment, the
nocturnal activity and orientational tendencies of all
birds were tested between 2000 and 0300 during October
and November.

The results of these tests are presented

in a manner similar to that used in the previous
experiments (Table XVII and XVIII; Figures 23 and 24).
C-P-12 birds and some C-P-16 birds displayed heavy
nocturnal activity (Figure 23; Tables XVII and XVIII).
One bird in Group E (untreated indoor control), #4343,
displayed some nocturnal orientation oriented to the SW
(mean direction = 247°, mean angular deviation *» 76°).
All untreated outdoor control birds (Group F^) expressed
sparse nocturnal orientation toward the south (SSE to SSV).
Note that F^ and Fg are the same birds but they were
tested in early (F^) and late (F2) November.
None of the birds in Groups A and D expressed
measurable

nocturnal activity (Figure 23 and 24). All

birds in these two groups had light body weights, were
lean and lethargic (Table XVI and XVII).

The activity

tapes were subjected to an analysis of variance for
independent variable activity (to correct for uneven
sample groups).

C-P-12 and C-P-16 birds displayed a

highly significant (P<0*01, Table XIX) northward orienta
tion (N to NE).

Two birds in Group F^ (4305 and 4343)

expressed a highly significant (P<0.01, Table XIX)
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oriented activity toward the south in early November.
All birds in this group displayed greater southern
oriented activity in late November (Fg)-

None of the

birds in Groups A, D and E expressed statistically
significant oriented activity.
Vector analysis showed that C-P-12 birds had a
group mean direction and angular deviation of 2° and
54°, respectively (Table XVIII and Figure 23).

C-P-16

had a group mean direction and an angular deviation of
12° and 54°, respectively (Table XVIII and Figure 23),
Groups F^ and Fg had group mean directions of 186° and
238°i respectively, and overall angular deviations of
64° and 48°, respectively (Table XVIII and Figure 24).
In this experiment each bird was tested only a single
night and therefore no determination of individualization
of activity records was possible.
The night skies were clear on all nights except
16 October and 22 November (Table XX).

Birds 4071

(Group C), 4305 and 4343 (Group F2) were tested on the
overcast nights and their orientational displays demon
strated that overcast skies did not prevent nocturnal
activity nor orientation.

A wide range of temperatures

prevailed during these tests (high = 23°, low *= 6°;
Table XX).

However, no consistent correlation between

the amount of nocturnal activity (or orientation) and
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temperature was observed.

Bird 4326 (Group F2) was

tested on the night of 24 November when the temperature
was 6°C and showed very good oriented activity (Figure
24 and Table XX).

Bird 4343 (Group Pg) was tested on

the night of 4 November when the temperature was 9°C
and showed very poor oriented activity (Figure 24 and
Table XX).
Birds that deposited fat and weighed more than 24
grams, exhibited heavy oriented migratory activity.
This agrees with results of Experiments 1, 2 and 3There was no significant difference between the group
angular deviations of Groups B and C.
The moon was visible to some of the birds in this
experiment (Table XVII).

However, the influence of the

moon was apparently minimal.
None of the birds that were physiologically prepared
to migrate (Groups B, C and F2) were tested on nights
when the moon was prominent and visible throughout the
night.

Those birds that were tested on these nights did

not display significant activity.

Two C-P-12 birds

(Group B) and one C-P-16 bird (Group C) were tested on
nights when the moon was visible during a part of the
test period but no consistent trend was noted concerning
the influence of the moon on nocturnal activity.

Birds

of Group F2 were tested on nights when the moon was

visible during a part of the test period.

Although all

birds displayed greater activity at this time than when
tested under full moonlight (P^)i the difference is
thought to be due to the fact that F2 birds were more
physiologically ready to migrate than F^ birds (compare
F1 and F2 of Table XVI).

No consistent correlation was

observed between levels of nocturnal activity (or
orientation) and humidity, wind direction, or wind speed.

DISCUSSION
It is the thesis of this study that seasonally
distinct migratory orientation in the white-throated
sparrow is regulated by seasonally distinct temporal
synergisms of two endocrine factors:

corticosterone,

from the steroidogenic tissue of the adrenal gland,
and prolactin, from the adenohypophysis.

In all the

experiments reported herein, prolactin, administered
four hours after either corticosterone injections or
the daily peak in circulating levels of corticosterone
(C-p-4), induced nocturnal activity that was oriented
southward.

Prolactin injected twelve hours after

either corticosterone injections or the daily peak in
circulating levels of corticosterone (C-P-12), induced
nocturnal activity that was oriented northward.

The

oriented activity was induced irrespective of season
(winter, spring or fall), state of the bird (photo
sensitive or photorefractory), or various environmental
conditions (overcast skies, high or low temperature,
per cent relative humidity, wind direction and speed,
and phase of the moon).

Other temporal patterns of

hormone administration as well as injections of saline
elicited no significant or consistent orientation.
m

It is assumed that the orientation induced by
hormone treatment is an accurate facsimile of the
orientation that occurs under natural conditions.
This assumption is based on evidence obtained by
comparing the quantitative and qualitative features
of the induced behavior with those of natural orien
tational behavior.

For example, the results obtained

in this study concerning the effect of environmental
factors on the hormone induced migratory orientation
did not differ substantially from published reports
of the effect of environmental factors on normal
migratory behavior.

In the present study, overcast

skies did not prohibit orientation although some
decrease in the total amounts of oriented activity
was observed.

Mewaldt and co-workers (1964-) reported

that untreated white-throated sparrows, maintained in
outdoor aviaries and tested during the natural migra
tory period, were able to orient accurately even under
heavy overcast and rain.

However, a significant

decrease in total oriented activity was noted.

More

over, radar studies of bird migration indicate that
considerable nocturnal orientation occurs regardless
of the degree of overcast (Bellrose, 1967; Nisbet
and Drury, 1967)*

Whether the heavy overcast on
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Borne test nights of the present study completely
prevented visual sightings of celestial cues could
not be ascertained.

The literature shows that some

avian species can still orient correctly even under
visually cueless conditions (Fromm, 1961; Merkel,
et al, 1964; Wiltschko, 1968) whereas others cannot
(Sauer and Sauer, 1958; Sauer, I960; Emlen, 1967a, b).
Which of these types characterizes the white-throated
sparrow is at present unknown.
Temperature had little influence on either noc
turnal activity or orientation in this study.

This

finding is in agreement with those of other investi
gators who worked with the white-throated sparrow in
the laboratory (Helms, 1965; Mewaldt, et al., 1964)
or in the field (Eyster, 1954; Weise, 1956).

It

should be noted that the white-throated sparrows
used in the present study, were maintained indoors
predominately and therefore did not experience chronic
exposure to temperature extremes.
Values for relative humidity ranged from 55#
to 95# at various times during the course of the
test periods of this study.

No significant differ

ences in orientative ability were observed within or
between the various experimental groups that could
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be correlated with fluctuations in relative humidity.
There are no reports that indicate that migratory
orientation is influenced by relative humidity.
Several investigators of avian migration have
reported that migration is heavier immediately fol
lowing wind shifts (Bennett, 1952; Hassler, et al.,
1965).

Although orientational activity was monitored

in the present study during wind shifts of 90 degrees
and changes in wind speed of several knots, no sig
nificant alterations in the intensity or precision
of orientation was observed.

It should be noted,

however, that the test cages might prohibit the detection
of wind shifts as well as changes in wind speed.
Greater amounts of oriented nocturnal activity
in C-P-4 and C-P-12 birds were found on moonlit
nights than on moonless nights.

However, there was

no evidence that moonlight produced any greater orien
tational accuracy.

Brown and Mewaldt (1968) tested

white-throated sparrows in orientation cages under
the open sky during the migratory seasons and concluded
that although nocturnal activity was slightly increased
when the moon was present, there was no impairment nor
improvement of orientational precision.

No signifi

cant lunar taxis was noted in the birds used in the
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current experiment.

This finding agrees with some

orientation studies (Gwinner, 1967; Brown and
Mewaldt, 1968) but not with others (Sauer, 1957;
Sauer and Sauer, I960; Hamilton, 1962a, b).

The

latter investigators reported that the moon inhibits
orientation in some avian species and elicits a
phototaxic response in others.

Certainly under

natural conditions, most nocturnal migrants are not
adversely influenced by the presence of the moon
inasmuch as field studies demonstrate no correlation
between phases of the moon and the number of nocturnal
migrants orienting correctly during either the vernal
or autumnal migratory season (Lowery, 1951; Lowery
and Newman, 1955; Nisbet and Drury, 1967).
In most instances, the birds were lean and
reproductively quiescent prior to the start of each
experiment (the only exception was in Experiment Two).
Within ten days, however, most of the birds that
received prolactin four hours after peak levels of
circulating corticosterone (C-P-4) became heavy (125#
of the initial body weight), fat, and moderately
active.

Most of the birds that received prolactin

twelve hours after peak levels of circulating corti
costerone (C-P-12) were heavy (130# of the initial

body weight), very fat, and intensely active after
only eight days of hormone treatment.

When these two

groups were tested for orientational tendencies under
the night skies of various seasons (winter, spring
and fall), all members of the two groups displayed
oriented activity:

The C-P-4 birds oriented south

and the C-P-12 birds oriented north.

These data sug

gest that the C-P-4 and C-P-12 treatments induce all
the events of autumnal and vernal migration respec
tively, in this species.

The quantitative and quali

tative levels of these events demonstrate further that
the behavioral and physiological states induced by
the C-P-4 and C-P-12 treatments are accurate simula
tions of the natural autumnal and vernal migratory
states.

For example, Odum (1949* 1956, 1958, I960)

and Odum and Perkinson (1951) have reported that in
the white-throated sparrow, fattening occurs within
eight days prior to vernal migration and within ten
days prior to autumnal migration.

Furthermore, it has

been reported that under natural conditions of stim
ulation, white-throated sparrows show a more intense
nocturnal orientation while in the vernal state than
in the autumnal state (Mewaldt and Rose, I960;
Mewaldt, et al., 1964).

The timing of nightly migratory activity induced
by hormones in the white-throated sparrows in this
study is similar to that of white-throated sparrows
brought into migratory readiness by natural means.
Oriented nocturnal activity in C-P-12 birds extends
from 2100 until 0400,

Mewaldt and co-workers (196*0

reported a similar temporal pattern in white-throated
sparrows kept under natural conditions and tested
during the vernal migratory season.

Oriented noc

turnal activity in C—P—*4- birds extends from 2300 until
0300.

This pattern is similar to that of caged

untreated white-throated sparrows during the autumnal
migratory period (Mewaldt, et al,, 1964).
The observation that one night of heavy activity
was preceded and followed by a night of light activity
is consistent with the theory that a night of heavy
migration is preceded and followed by a night of rest
and recuperation (Vfeise, 1963; Helms, 1968).

The

fact that activity occurred at all on alternate
nights in the present study may be due to the fact
that a full night of activity under the open 3ky was
never allowed.

This might have encouraged activity

on all nights as a consequence of spared energy
reserves.
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Male white-throated sparrows were more responsive
to the C-P-4 and C-P-12 treatments than female whitethroated sparrows.

The males displayed greater noc

turnal activity, more rapid increases in and higher
levels of tody fat and, in the vernal state (C-P-12),
greater gonadal development.

These results are con

sistent with earlier findings obtained in our labor
atory (Meier and Martin, 1971; Meier, et al., 1971b)
and correlates with field observations that male whitethroated sparrows get fat more rapidly and to a greater
degree than female white-throated sparrows (Odum,
1958; Graber and Graber, 1962).

The fact that male

white-throated sparrows respond more rapidly to hor
mone treatment may explain why males of this species
arrive ahead of female white-throated sparrows on both
breeding and wintering grounds (Odum and Perkinson,
1951; Odum and Major, 1956).
The preceding comparisons demonstrate that the
hormone induced migratory orientation of this study
does not differ significantly from orientation induced
by natural means.

However, some of the results of

the present study are at variance with or modify
current theories.

For example, it has been suggested

that fattening precedes the development of nocturnal

activity and orientative ability in the whitethroated sparrow, and that the latter two parameters
probably do not reach full expression until the bird
is very fat (Odum, 1949» 1958; Odum and Perkinson,
1951; Helms, 1963, 1968; King and Pamer, 1965).
The results from the present study demonstrate that
fattening usually occurs in concert with but is not
necessarily a prerequisite for nocturnal activity or
migratory orientation.

In each experiment of this

study there was at least one C-P-4 or C-P-12 bird
with little fat but who still exhibited good oriented
nocturnal activity.

A search of the literature shows

that others have noted nocturnal activity in the ab
sence of fattening.

Weise (1956) noted that caged

white-throated sparrows exhibited no correlation
between levels of nocturnal activity and levels of
fattening.

Lofts and co-workers (1963), working with

the brambling (Fringilla montifringilla), another noc
turnal migrant, demonstrated that fattening and
migratory activity are separable events.

These

workers placed the bramblings on a diet that prohib
ited fattening during the vernal migratory season and
then recorded migratory activity on several nights
during the peak time of vernal migration.

They
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observed no significant differences between the
migratory activity of lean and fat (controls) birds.
It would be of interest to determine if white-throated
sparrows, maintained on a diet sufficient to prevent
fattening, could be hormonally induced to orient and
express nocturnal activity.
The autumnal migratory state of the whitethroated sparrow differs physiologically and behav
iorally from the vernal migratory state (Odum, 1949,
1958, I960; Odum and Perkinson, 1951; Wolfson, 1952,
1954, 1959; Odum and Connell, 1956; Helms, 1963*
1968).

The autumnal migratory state is character

ised by dull plumage, moderate fat stores, moderate
levels of nocturnal activity and no gonadal develop
ment.

The vernal migratory state is characterized

by bright plumage, great fat stores, high levels of
nocturnal activity and gonadal growth.

The present

study demonstrates that each migratory state has its
own characteristic orientational display as well.
Autumnal orientation, that has been induced by C-P-4
treatments, is directed to the south-southwest, is of
moderate intensity and of moderate precision.

Vernal

orientation, that has been induced by C-P-12 treat
ments, is directed to the north-northeast, is of

heavy intensity and of high precision.

Behavioral

studies infer that vernal migrants require greater
orientational accuracy in order to return to specific
nesting grounds whereas autumnal migrants can winter
comfortably over a rather wide area and hence require
less orientational precision (for reviews, see Dorst,
1962; Orr, 1970).
Results from this study reveal other significant
findings regarding the nature of the environmental
cues used for orientation by the hormone-treated
white-throated sparrow.

It was clear that the physio

logical state of the migrants in this study determined
the preferred direction of the orientational activity.
Regardless of the season (winter, spring or fall),
birds in the vernal state (C-P-12) expressed north
ward orientation and birds in the autumnal state
(C-P-4) expressed southward orientation, when tested
simultaneously under night skies.

These results

demonstrate that nocturnal cue(s) which are present
during the late winter, late spring or late fall can
all be used interchangeably by the physiologically
prepared migrant to orient accurately in accordance
with the specific hormonal pattern that regulates
the specific migratory state.

Although this finding
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is in contradiction with traditional untested views
(for reviews, see Lincoln, 1959; Orr, 1970) which
hold that the migrant responds to seasonally dis
tinct celestial cues for compass headings, it agrees
with the observations and conclusions of others who
have induced migratory states out of season by means
of photomanipulation.

Rowan (1926, 1930, 1932)

established the idea that seasonal changes in orien
tation result from seasonal changes in the physiologi
cal conditions of the migrant rather than seasonal
changes in environmental cue(s).

By artifically

manipulating the daily photoperiod, Rowan simulated
seasonal changes in daylength and induced the spring
physiological state of migratory readiness in the
common crow (Corvus brachyrhynchos), a diurnal migrant,
during October and November.

Upon release, some of

the birds flew northward from the experimental site
in Edmonton, Canada, whereas all of the control birds
in the fall physiological condition flew southward.
Rowan concluded that the seasonal differences in
orientation between spring and fall migration resulted
from changes in the physiological conditions of the
birds.

This conclusion has been tested similarly and

corroborated in a nocturnal migrant, the indigo
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bunting (Passerine cyanea), placed in orientation
cages under planetarium skies (Emlen, 1969)*
Before one can accept the thesis of this study,
(i.e., that seasonally specific temporal synergisms
of the daily rhythms of corticosterone and prolactin
regulate migratory orientation), it must first he
established that daily and seasonally specific
rhythms of corticosterone and prolactin occur naturally
in the feral bird and that these rhythms approximate
those used in this study to induce migratory orien
tation (C-P-12 in the spring and C-P-4- in the fall).
This prerequisite condition has been met in part.
Direct measurements of plasma corticosterone (Dusseau
and Meier, 1971) aad pituitary prolactin (Meier,
et al*, 1969) in the white-throated sparrow estab
lished the fact that, in the vernal migrant, a twelvehour interval separates peak levels of corticosterone
and prolactin.

The pattern of corticosterone and

prolactin has not been established in the autumnal
bird.

However, these investigators did establish

the fact that an eight-hour interval separates peak
levels of corticosterone and prolactin in the intermigratory summer bird.

This is important in that a

consistent finding of this study was that a C-P-8
treatment produced conditions in birds that closely
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resembled those of intermigratory birds (no fattening,
no nocturnal activity or orientation, and no reproduc
tive development).

This is further proof that the

physiological and behavioral state of the whitethroated sparrow is regulated by C-P synergisms that
are seasonally programmed.
The mechanism whereby temporal synergisms of
corticosterone and prolactin induce seasonally dis
tinct patterns of migratory orientation in the whitethroated sparrow is unclear.

It is not known whether

the hormones are exerting their effect directly on
the tissues involved (nervous, adipose, gonadal, or
muscular) or whether they are acting indirectly via
the stimulation of other neuroendocrine factors.

How

ever, several lines of investigation suggest that
corticosterone sets up the temporal posture of the
tissue so that it is responsive to the direct action
of prolactin.

Corticosterone has been shown to phase

daily variations in cropsac responsiveness to prolac
tin by acting directly on the cropsac (Meier, et al.,
1971a).

Prolactin has been shown to stimulate direc

tly the tissue of the pigeon cropsac (Riddle, et al.,
1952) and to act directly on gonadal tissue as an
inhibitor of gonadotropic hormones (Meier, 1969).
Meier (1969) reviewed these and other related findings

and developed the hypothesis that daily variations
in responsiveness to exogenous hormones result from
a daily variation in target organ sensitivity.

More

over, variation in sensitivity of the target organ is
a function of the level or activity of endogenous
synergists and antagonists, and of the phase angles
between these activities and the injection time of
the test hormone.

It is likely that the daily photo

period regulates daily rhythms of hormones and thus
daily patterns of sensitivity.

Meier explains season

al alterations in the behavior and physiology of the
white-throated sparrow as the end result of a season
ally specific temporal synergism of daily rhythms of
corticosterone and prolactin whose temporal patterns
are seasonally modulated by the external environment,
notably the photoperiod.
The specific mechanism whereby temporal syner
gisms of corticosterone and prolactin induce season
ally distinct orientation may be clarified by recent
findings.

Davis (1970) has demonstrated the exis

tence of seasonally specific diurnal rhythms of brain
electrolytes in the white-throated sparrow.

A daily

rhythm of both the extra/intracellular sodium concen
tration ratio and intracellular potassium concentra
tion occurred during the vernal migratory season (May)

but not in the intermigratory season (August).

Sodium

ion levels were lowest at the time of maximum noctur
nal activity (2400-0300).

It has been shown that

adrenal steroids affect nervous sensitivity and pos
sibly locomotor restlessness in some animals, by al
tering the extra/intracellular distribution of sodium
(Woodbury, 1954; Woodbury, at al., 1957)-

I*ow ratios

of extra/intracellular sodium increased nervous sen
sitivity.

Prom these observations, Davis suggested

the attractive hypothesis that corticosterone and
prolactin act in a synergistic manner to facilitate
nervous sensitivity during the migratory seasons that
results in increased nocturnal activity.

This hypoth

esis could be extended to include the possibility thdt
the seasonally distinct alterations in brain electro-*lytes results in a bird whose sensory system is more
responsive to specific celestial cues during the migra
tory season than at other times of the year (intermigratory).
It is likely that other endocrine factors have a
role in the regulation of migratory orientation
besides corticosterone and prolactin.

Additional

research is necessary to explore other possibilities
as well as to delineate the regulatory pathways by
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which corticosterone and prolactin exert their effect.
The C-P synergism system may provide a valuable tool
that can be used to determine what other endocrine
factors may be involved in orientation (and migration
in general) and to determine the order they follow
relative to other mechanisms.

For example, if the

pineal is an important endocrine organ in the regula
tion of migratory orientation, pinealectomy should
produce some effect on migratory orientation*

If

in fact pinealectomy obliterates migratory orientation
but C-P-12 treatments restores orientation, one could
assume that the pineal exerts its effect via regulating
in the same manner the C-P-12 synergistic action.

If,

on the other hand, C-P-12 treatments could not restore
migratory orientation in pinealectomized birds, then
one could assume that the C-P-12 synergism exerts its
effect via the pineal.

The same experimental arrange

ment could be uBed with other endocrine factors that
have been suggested as being important regulators of
migratory behavior (gonadal factors, thyroidal fac
tors, etc.).

This technique might also be used to

explore the role of certain environmental factors in
migratory behavior.

Avian migration is an exceedingly complex type
of cyclic animal behavior.

It consists of numerous

subcycles which interact harmoniously and hormoniously to produce a well orchestrated biannual event.
This study demonstrates that seasonally distinct
temporal synergisms of the daily rhythms of cortico
sterone and prolactin have a central role in regu
lating migratory orientation along with the other
migratory events in the white-throated sparrow.

It

emphasizes further that daily rhythms constitute the
basic units in the temporal organization of living
systems.

TABLE I

PHYSIOLOGICAL PARAMETERS OF THE WHITE-THROATED SPARROWS
THAT WERE USED IN EXPERIMENT 1.
o

-1

Group

Bird.

Body Weight
2/3 2/17 3/10

Pat Index
2/3 2/17

3/10

Molt
2/17
3/6
Slight
Slight

—

Slight

—

Slight

0
0
1

—

Slight

0
0
1

—

Slight

A1
A2
A3

24
25
24

25
25
24

30
28
27

0
0
0

1
0
0

3
1
2

B

B1
B2
B3

23
23
22

21
22
23

23
23
24

1
1
0

0
0
0

0
1
1

C

Cl
C2
C3

25
24
24

25
24
24

31
32
30

0
0
0

0
1
0

3
3
2

D1
D2
D3

23
22
20

22
22
20

22
21
21

0
0

0
0
0

El
E2
E3

21
23
23

21
22
23

22
24
24

c
0
0

0
0
0

E

3

Protuberance"^
2/17
3/10

—
—

A

D

Cloacal
2/3

Slight
Slight

(h
w

TABLE I— Continued

Group

F

i

Bird

FI
F2
F3

Body Weight
2/3 2/17 3/10
22
23
23

23
22
23

23
24
24

2
Fat Index
2/3 2/17 3/10
0
0
0

1
0
c

1
0
1

Cloacal
2/3

5
Protuberance^
Molt
2/17
3/10 2/17
3/6

—

—

—

—

—

—

—

—

—

—
—
—

Slight
Slight
Slight

"^Groups A-E were maintained indoors in continuous dim light. Beginning on 1 March,
Groups A, B and C received daily injections of prolactin 4, 8 and 12 hours respectively
after injection of corticosterone (0800), Group D received prolactin injections 12 hours
after injections of saline and Group E was untreated. Group F was composed of untreated
birds kept outdoors.
2
Visual inspection where 0 = none, 1 = slight, 2 = moderate, 3 ** heavy.
^Visual inspection of external region around cloaca.
swelling if the reproductive organs are enlarged.

This region has a noticeable

TABLE II
EFFECTS OF CORTICOSTERONE AND PROLACTIN ON ORIENTATION OF NOCTURNAL
ACTIVITY IN WHITE-THROATED SPARROWS ON 11, 12, and 15 MARCH (EXPERIMENT l)a

Direction
NW
N
NE
E
SE
S
SW
W

Group A
11 12 13
2b
2
1
1
9
10
19
14

3
5
3 4
4
3
4
3
12 13
11 12
19 15
13 11

Group B
11 12 13
0
0
0
0
1
1
1
0

0
0
0
0
0
0
0
0

Group C
11 12 13

1 10
0 15
0 13
0 14
0
7
0
0
0
1
4
0

12
18
20
14
9
3
2
6

14
13
15
12
3
2
1
4

Group D
11 12 13
1
0
0
0
0
0
1
0

1
1
1
0
0
0
0
0

0
1
0
1
0
1
0
0

Group E
11 12 13
0
0
0
0
0
1
0
1

0
0
0
0
0
0
0
0

0
1
1
0
0
1
1
1

Group F
11 12 13
0
1
0
1
1
1
1
2

0
0
0
0
0
0
0
0

0
0
0
0
0
1
1
0

aGroups A, B, C, D and E were maintained indoors in constant dim light except at the
times of testing under the open sky (2100-2400). Groups A, B, and C were injected
daily with prolactin at 4 (A), 8 (B), or 12 (C) hours after the time (0800) of
corticosterone injections. Group D received prolactin injections 12 hours after
injections of saline and Group E was untreated. Group F was composed of untreated
birds kept outdoors. Each group was composed of three birds; each bird was tested on
three successive nights (11, 12, and 13 March, 1971).
bThe activity was estimated by comparing the intensity of the ink blotches on each
directional segment of the orientation cone with a set of standards that had designated
values from 0 to 20. The higher relative values indicate the more frequent choices of
intended movement.

TABLE III
EFFECTS OF CORTICOSTERONE AND PROLACTIN ON ORIENTATION OF NOCTURNAL ACTIVITY
LI, 12 and 13 MARCH (EXPERIMENT l)1
IN WHITE-THROATED SPARROWS TESTED ON 11.

Group Bird

Body Wt.2 Fat , Mean Dir.^
(grams)
Index5 (degrees)
Day Day Day
1 2
3

Ang. Dev,
(degrees)
Day Day Day
1 2
3
62
48
55

Overall
Overall Mean Mean Ang.
Dir, for all Dev. all
test days
test days
(degrees)
(degrees)

196
202
227

69
52
52

__

__

-—

—
—

15
32
18

63
57
63

A

A1
A2
A3

30
28
27

2
1
2

B

B1 ■
B2
B3

23
22
24

0
1
0

C

Cl
C2
C3

31
32
30

2
3
2

D1
D2
D3

24
21
21

0
0
1

“

--

El
E2
E3

22
24
24

0
0
1

—

4WM

D

E

189 203 195
210 200 195
232 232 219

.

21 16
37 38
4 23

9
20
0

73 71
54- 55
54 46

64 63
52 61
62 72

60
59
54

«

vn

Table III— Continued.

Group Bird

p

1.

2.
3.
4.

PI
P2
F3

Body Wt.
(grains)

23
24
24

p

n
Pat , Mean Dir.
Index
(degrees)
Day Day Day
1 2
3

Ang. Dev.
(degrees)
Day Day Day
1 2
3

Overall Mean
Dir. for all
test days
(degrees)

Overall
Mean Ang.
Dev. all
test days
(degrees)

1
0
0

Groups A, B, C, D, and E
were maintained indoors in constant dimlight except
at the times of testing under the open sky (2100-2400). Groups A, B, and C
were injected daily with prolactin at 4 (A), 8 (B), or 12 (C) hours after the
time (0800) of corticosterone injections. Group D received prolactin injections
12 hours after injections of saline and Group E was untreated. Group P was
composed of untreated birds kept outdoors. Each group was composed of three
birds, each bird was tested on three successive nights (11, 12, and 13 March,
1971).
Represents the weight of
the bird at the time of testing.
Visual inspection, where0 « none; 1 ■ slight, 2 = moderate, 3 = heavy.
Degrees from true North, where North * 0 or 360°.
<n
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TABLE IV

ANALYSIS OF VARIANCE OF MEAN ORIENTATIONAL ACTIVITY
OF INDIVIDUAL WHITE-THROATED SPARROWS TESTED ON
CLEAR NIGHTS IN MARCH, 1971 (EXPERIMENT 1)
SS

MS

5

17305-7847

3461.15694

12

1724.0000

143.66667

7

133.2153

19.03075

Group X Direction

35

11465.8264

327.59504

Error

84

2359.3333

28.08730

143

32988.1597

Source
Group
Bird (Group)
Direction

Corrected Total

df

** « p< 0,01

>

F
24;09**

1
H i 66**

TABLE V
ANALYSIS OP VARIANCE OP INDIVIDUAL NIGHTS OP
ORIENTATIONAL ACTIVITY OP INDIVIDUAL WHITE-THROATED
SPARROWS TESTED ON CLEAR NIGHTS IN MARCH, 1971
(EXPERIMENT 1)
Source

df

SS

MS

5

6351-7060

1270.34120

12

192.8333

16.06944

2

15.5880

7.79398

Group X Day

10

125.7454

12.57454

Bird X Day (Group)

24

65.8333

2.74306

7

44.1273

6.30390

Group X Direction

35

4485.1644

128.14755

Day X Direction

14

42.5602

3.04001

1

Group X Day X Dir.

70

182.1065

2.60152

1

Error

252

1154.6667

4.58201

Corrected Total

431

12660.5310

Group
Bird (Group)
Day

Direction

** » p<0.01

P
79.06**

2.84
4.59**

1.38
27.98**

TABLE VI
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CLIMATOLOGICAL DATA DURING TEST HOURS (2100-2400)
FOR EXPERIMENTS 1, 2 and 3

Date

Sky Cover
(tenths)

Temp.
(c°)

Rel.
Hum.
(#)

Wind Dir.
(degrees from
true N)

Wind Speed
(Knots)

Experiment 1
3/11/71

8

18

78

140

7

3/12/71

7

18

90

170

8

3/13/71

0

22

82

190

7

Experiment 2
5/8/71

0

22

93

60

4

5/9/71

10

24

71

170

9

3/10/71

10

24

71

50

10

Experiment 3
3/10/72

0

14

55

140

6

3/H/72

0

16

68

170

5

3/12/72

4

16

73

150

6

TABLE VII

Group1

A
B
C
D

PHYSIOLOGICAL PARAMETERS OP THE WHITE-THROATED SPARROWS
THAT WERE USED IN EXPERIMENT 2.
?
Cloacal
Pat Index
Body Weight
Protuberance
Bird
(grams)
4/24
4/24 5/6
4/24 5/6
5/6
A1
A2
A3
B1
B2
B3
Cl
C2
C3
D1
D2
D3

26
27
26
26
27
26
24
21
22
26
28
27

28
30
28
29
31
30
24
20
22
28
31
31

1
1
1
1
1
0
0
0
0
1
2
2

2
2
1
2
2
2
0
0
0
3
3
3

—

—
—
—

—
____
—
—
—
—
- -

Slight
—
—
Slight
—
—
—
i
Slight
Slight
—

Molt
4/24

5/6

—“

—
— —

-

—
——

— —

-

— —

—

^Groups A-C were maintained indoors in continuous dim light. Beginning 2 May, Groups A
and B received daily injections of prolactin, 4 and 12 hours respectively after injec
tions of corticosterone (0800), and Group C received prolactin 12 hours after injec
tions of saline. Group D was composed of untreated birds kept outdoors.
2
Visual inspection, where 0 » none, 1 « slight, 2 = moderate, 3 « heavy.
^Visual inspection of external region around cloaca.
swelling if the reproductive organs are enlarged.

This region has a noticeable
-s3

O

TABLE VIII
EFFECTS OF CORTICOSTERONE AND PROLACTIN ON ORIENTATION OF NOCTURNAL a
ACTIVITY IN WHITE-THROATED SPARROWS ON 8, 9, and 10 MAY (EXPERIMENT 2)a

Group A
9

10

Group B
9

7.3b

5.0

7.3

8.0

N

3.0

2.3

2.3

NE

4.3

1.7

E

10.0

SE

Group' C
9

10

8

7.7

6.3

1.3

15.3

16.7

17.3

2.0

17.7

15.7

6.3

4.0

7.3

13.0

13.0

12.0

S

15.0

15.0

sw

15.0

w

12.0

Direction

8

NW

Group t)
10
9

10

8

0.3

1.0

18.0 16.7

17.0

1.3

0.3

0.3

20.0

17.7

20.0

18.7

0.3

0.0

0.7

19.3

18.3

19.3

8.7

8.7

0.3

1.3

0.3

11.7

12.0

11.3

1.7

0.7

2.0

0.7

0.3

0.7

5.3

3.7

2.7

16.0

0.7

1.3

1.7

0.3

1.0

0.3

2.7

3.7

2.7

13.3

15.0

1.3

1.3

1.0

0.3

0.3

1.3

3.7

1.3

1.7

10.3

11.0

3.7

2.3

2.0

0.7

0.3

0.3

11.0

8.3

6.7

8

[Table VIII— Continued
aGroups A, B, and C were maintained indoors in constant dim light except during
the times of testing under the open sky (2100-2400).

Groups A and B were injected

with prolactin at 4 (A) or 12 (B) hours after the time of corticosterone injections
(0800).

Group C received prolactin injections 12 hours after injections of saline.

Group D was composed of untreated birds kept outdoors.

Each group was composed of

three birds; each bird was tested on three successive nights (8, 9, and 10 May,
1971).
bSee Table 1.

TABLE IX
EFFECTS OF CORTICOSTERONE AND PROLACTIN ON ORIENTATION OF NOCTURNAL ACTIVITY
IN WHITE-THROATED SPARROWS TESTED ON 8, 9, and 10 OF HAY (EXPERIMENT 2)1

Group Bird

A

B

C

D

Body Wt.^ Fat , Mean Dir.
Dir, 4
(grams)
Indexp (degrees)
Day Day Day
2
1
3

Ang. Dev.
(degrees)
Day Day Day
2
1
3

Overall
Overall Mean Mean Ang.
Dir. for all Dev. for all
test dayB
test days
(degrees)
(degrees)

Al
A2
A3

28
30
28

2
2
2

189
251
204

190
185
199

190
209
186

58
74
67

52
60
66

46
65
62

190
215

196

52
66
65

B1
B2
B3

29
31
30

2
3
2

5
19
18

2
16
17

8
13
13

61
47
56

56
50
53

57
52
52

ll
16

58
50
54

Cl
C2
C3

24
24
22

1
0
0

—

—

—

—

—

---

—

—

—

—

—

D1
D2
D3

28
31
31

2
3
3

23
20
17

19
3
15

17
9
11

58
66
65

51
65
63

51
61
60

20
12
14

53
64
63

-o

Table IX— Continued
Groups A, B, and C were maintained indoors in constant dim light except during
the times of testing under the open sky (2100-24-00). Groups A and B were
injected with prolactin at 4 (A) or 12 (B) hours after the time of corticosterone
injections (0800). Group C received prolactin injections 12 hours after injec
tions of saline. Group D was composed of untreated birds kept outdoors. Each
group was composed of three birds; each bird was tested on three successive
nights (8* 9, and 10 Hay, 1971).
Represents the weight of the bird at the time of testing.
Visual inspection, where 0 = none, 1 *= slight, 2 * moderate, 3 = heavy.
Degrees from true North, where North * 0 or 360°.
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TABLE 2
ANALYSIS OF VARIANCE OF MEAN ORIENTATIONAL
ACTIVITY OF INDIVIDUAL WHITE-THROATED SPARROWS
TESTED ON CLEAR NIGHTS IN MAY, 1971
(EXPERIMENT 2)
Source

cLf

SS

MS

Group

3

12107.3750

4055.79167

Bird (Group)

8

1580.0833

197.51042

Direction

7

3592.4583

513.20855

12.35**

Group X Direction

21

20414.4583

972.11706

23.40**

Error

56

2326.5833

41.54613

Corrected Total

95

40020.9583

** - p<0.01

F
20.45**
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TABLE XI

ANALYSIS OP VARIANCE OP INDIVIDUAL NIGHTS OP
ORIENTATIONAL ACTIVITY OP WHITE-THROATED SPARROWS
TESTED IN WAY, 1971 (EXPERIMENT 2)
Source

DP

SS

MS

P

Group

3

4180.2049

Bird (Group)

8

642.5833

Day

2

34.1944

17.09722

Group X Day

6

31.4722

5-24537

16

186.1667

11.63542

7

1177-4-687

168.20982 29.77**

Group X Direction

21

6580.3785

313.35136 55.46**

Day X Direction

14

46.5833

3-32738

1

Group X Day X
Direction .

42

100.1944

2.38558

1

Error

168

Corrected Total

287 13928.4965

Bird X Day (Group)
Direction

** - p<0.01

949-2500

1393.40162 17.35**
80.32292

5*65030

1.47
1

TABLE XII
PHYSIOLOGICAL PARAMETERS OP THE WHITE-THROATED SPARROWS
THAT WERE USED IN EXPERIMENT 3.
i
Group
Bird

Body Weight
2/11 2/25 3/8

2
Pat Index
2/11 2/25

Cloacal
3/8
2/11

A1
A2
A3
A4
A5

23
24
25
25
25

24
24
24
26
25

28
26
30
29
28

0
0
0
0
1

0
0
0
0
1

1
1
2
2
2

B1
B2
B3
B5

23
20
22
23
23

23
23
23
22
24

22
21
21
24
24

0
0
0
0
1

0
1
1
0
0

0
0
0
1
0

Cl
C2
C3
C4
C5

24
25
22
21
23

24
25
23
22
25

31
30
30
28
33

0
0
0
1
0

0
0
1
0
0

2
2

D1
D2
D3
D4
D5

23
24
22
20
23

21
24
23
21
21

22
23
23
21
20

0
0
1
0
1

0
1
1
0
0

0
1
0
0
0

m

—

X

Protuberance^
Molt
2/25
3/8
2/11 3/8
--

—

—

—

Slight

••

Slight
Slight

—

Slight

——

Slight
Slight

—

——

X
s

Slight

3
2
—

M

—

_ _

—

—

Slight
Slight
Slight

Table XII— Continued.

Bird

Body Weight
2/11 2/25 3/8

Fat Index
2/11 2/25

3/8

El
E2
E3
E4
E5

22
22
20
23
24

22
22
20
22
25

23
20
20
22
24

0
1
0
1
0

0
1
1
0
1

0
1
1

FI
F2
F3
F4
F5

23
22
24
22
23

24
22
22
23
21

24
21
22
23
24

1
0
1
0
1

1
0
0
0
0

1
1
0
0
1

1

Cloacal
2/11

Protuberance^
Molt
2/25
3/8
2/11 3/8

—

—
——

—

Slight

—

—
—

Slight
Slight

—

Groups A-E were maintained indoors in continuous dim light. Beginning
1972, Group A, B and C received daily injections of prolactin, 4, 8 and
respectively, after injections of corticosterone (0800), whereas Groups
received daily injections of saline 4 and 12 hours, respectively, after
of corticosterone (0800). Group F was composed of untreated birds kept
aviaries.

28, February
12 hours,
D and E
injections
in outdoor

^Visual inspection where 0 = none, 1 = slight, 2 * moderate, 3 = heavy.
^Visual inspection of external region around cloaca.
swelling if the reproductive organs are enlarged.

This region has a noticeable

TABLE XIII
EFFECTS OF CORTICOSTERONE AND PROLACTIN ON ORIENTATION OF NOCTURNAL _
ACTIVITY IN WHITE-THROATED SPARROWS ON 10, 11 and 12 MARCH (EXPERIMENT 3)

Group B

Group C

Group D

Group E

Group F

1.3b

1.1

9.8

0.2

0.2

0.2

N

1.3

0.4

14.2

0.2

0.4

0.4

NE

1.1

0.2

12.2

0.6

0.2

0.6

E

1.3

0.8

6.6

1.0

1.0

0.4

SE

4.0

0.2

2.6

0.6

0.0

0.6

S

5.0

0.0

0.4

0.2

0.6

0.4

SW

5.4

0.4

0.2

0.2

0.2

0.4

W

3.2

0.8

5.0

0.2

0.6

0.0

Direction
NW

Group A

\o

Table XIII— Continued

aAll groups were maintained in continuous dim light except at the times of testing
under the open sky, (2100-0100).

Groups A, B, and C were injected daily with

prolactin at 4- (A), 8 (B), or 12 (C) hours after the time (0800) of corticosterone
injections.

Groups D and E received saline injections at 4- or 12 hours after

corticosterone injections, respectively.

Group F received no treatment.

Each

group was composed of five birds; each group was tested on two of the three test
nights.
^See table 1.
nights.

The activity indexes are the means of five birds tested on two

TABLE XIV
EFFECTS OF CORTICOSTERONE AND PROLACTIN ON ORIENTATION OF NOCTURNAL ACTIVITY
IN WHITE-THROATED SPARROWS TESTED ON 10, 11, and 12 MARCH (EXPERIMENT 3)1

?
Group Bird

Body Wt.
(grams)

*
Fat , Mean Dir.
Index5 (degrees)
Day 1 Day 2

A

A1
A2
A3
A4
A3

28
26
30
29
28

1
1
2
2
2

B

B1
B2
B3
B5

22
21
21
24
24

0
0
0
1
0

C

Cl
02
C3
C4
C5

31
30
30
28
33

2
2
3
3
2

D

D1
D2
D3
D4
D5

22
23
23
21
20

0
1
0
0
0

m

194
203
202
215
191

182
198
180
186
18?

Overall Mean
Ang. Dev.
Dir. for both
(degrees)
test days
Day 1 Day 2
(degrees)
20
49
67
50
67

56
69
57
65
55

—

7
0
13
15
9

24
0
16
26
355

51
52
49
54
52

51
46
44
53
45

188
200
191
200
189

Overall Mean Ang
Dev. for both
test days
(degrees)
38
59
62
57
61

—

—

—

—

—

—

—

—

—

—

16
0
15
21
2

51
49
47
54
49

—

__

—

—

—

—

—

---

—

—

CD

TABLE XIV— Continued

Bird
E

I.

.

2
3.
A.

Body Wt,
/
(grai

El
E2
E3
E4
E5

23
20
20
22

PI
F2
F3
F4
F5

24
21
22

Pat

Ang. Dev.
, Mean Dir.
(degrees)
(degrees)
Day 1 Day 2 Day 1 Day 2

Index^

Overall Mean Overall Mean
Dir. for both Ang. Dev. for
test days
both test days
(degrees)
(degrees)

24

23

0
0

24

All groups were maintained in continuous dim light except at the times of testing
under the open sky, (2100-0100). Groups A, B, and C were injected with prolactin
at 4 (A), 8 (B), or 12 (C) hours after the time (0800) of corticosterone injec
tions. Groups D and E received saline injections at 4 or 12 hours after
corticosterone injections, respectively. Group P received no treatment. Each
group was composed of five birds, each group was tested on two of the three
test nights.
Represents body weight at the time of testing.
Visual inspection, where 0 * none, 1 « slight, 2 = moderate, 3 ■ heavy.
Degreeb from true North where North * 0 or 360°.
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TABUS XV
ANALYSIS OF VARIANCE OF MEAN ORIENTATIONAL
ACTIVITY OF GROUPS OF WHITE-THROATED SPARROWS
TESTED ON CLEAR NIGHTS IN MARCH, 1972
(EXPERIMENT 3)
Source
Group
Bird (Group)
Direction
Group X Direction
Corrected Total

** * P<0.01

df

ss

MS

5

1214.68333

24

117-80000

4.908333

7

57.86667

8.266667

35

1202.38333

34.353810

237

2925.73333

242.93667

F
9 .48**

4.18**
7.35***

TABLE XVI

PHYSIOLOGICAL PARAMETERS OF THE WHITE-THROATED SPARROWS
THAT WERE USED IN EXPERIMENT 4.
Group
A

B

C

D

E

Bird

Body Weight
9/2 9/16 10/8

Fat Index
9/2 9/16

10/8

Cloacal
9/2

4-317
3643
4354

23
21
23

23
21
23

24
21
21

0
0
0

0
0
0

0
0
0

3635
4105
4083
4123
3539
4304

24
23
23
21
23
23

24
23
24
22
23
24

2?
28
31
26
28
29

0
0
0
0
0
0

0
0
1
0
0
0

1
2
3
1
2
2

4071
4086
4090
3632
4318

23
22
23
22
24

22
23
23
23
25

27
26
26
25
28

0
0
0
0
0

0
0
0
0
1

1
1
1
0
2

Mt
_M

3631
4080
4223

23
24
21

23
22
23

21
23
24

0
0
0

0
0
0

0
0
1

MM
MM

4328
4344
4345

24
23
20

21
21
20

22
22
20

0
0
0

0
0
0

0
0
0

Protuberance*
9/16
10/8

mm

MM
*—

--

—

mm

MM
MM
MM
MM
MM
—

-——
—M
M—
--

mm

--

MM
MM

MM
MM
MM
MM
--

MM
™

MM

MM
MM
—

MM

Slight
MM
MM

—
--

--

M^
--

Molt
8/15
Heavy
Heavy
Heavy
Heavy
Heavy
Heavy
Heavy
Heavy
Heavy
Heavy
Heavy
Heavy
Heavy
Heavy
Heavy
Heavy
Heavy
Heavy
Heavy.
Heavy

TABLE XVI— Continued
Group

i

Bird
4305
4343
4326

Body Weight
9/2 9/16 10/8
21
20
25

24
21
23

23
22
24

2

Pat Index
9/2 9/16
0
0
1

1
0
0

10/8

Cloacal
9/2

0
0
1

—
MH
—

^5

Protuberance"^
9/16
10/8
—
—
—

—
—
—

Molt
8/15 9/2
Heavy —
Heavy —
Heavy ;
—

■^Groups A-E were maintained indoors under a 16-hour photoperiod. Beginning on 28
September, 19711 Groups A, B and C received daily prolactin injections 8, 12 and 16
hours, respectively, after the probable daily increase in concentration of plasma
corticosterone (2100). Group D received saline at 12 hours after the daily rise in
levels of endogenous corticosterone; E consisted of untreated birds maintained indoors.
Group F was composed of untreated birds maintained outdoors.
2
Visual inspection where 0 = none, 1 = slight, 2 = moderate, 3 = heavy.
^Visual inspection of region around cloaca.
organs enlarge.

This region swells when the reproductive

00
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TABLE XVII

EFFECTS OF CORTICOSTERONE AND PROLACTIN ON ORIENTATION
OF NOCTURNAL ACTIVITY IN WHITE-THROATED SPARROWS TESTED
IN OCTOBER AND NOVEMBER (EXPERIMENT 4)a

Bird
Groupa No.

Date of Direction of nocturnal activity^
E
S
N
w
test
NW
NE
SE
SW

A

11/2°
11/2°
10/18
10/24d
10/19
10/20
10/21
10/21,
10/26
10/16,
10/25
10/18
10/22
10/26
10/20,
10/24°
10/31
10/19
10/22
ln/3
11/4*
11/4®
11/3
ll/22d
11/22?
11/24

4317
364-3
4354
3635
4-105
4-083
4-123
3539
4-304
4071
4086
4090
3632
4318
3631
4080
4223
4328
4344
4345

B

C

D
E

X
Fp
eL

4305

4343
4326
4305
4343
4326

0
0
0
39
40
8
21
20
8
19
18
3
1
2
0
0
0
1
0
1
0
0
1
11
33
0

0
0
0
31
38
37
32
35
23
18
37
8
2
14
0
0
1
0
0
1
1
0
1
11
0
0

0
1
0
0
1
1
0
57
0
6
36 31
0
20
26 18
0
27
0
14
0
33
0
3
1
3
0
17
r
0
6
1
0
0
0
1
0
0
0
1
0
0
0
0
0

0
0
6
0
0

0
0
0
1
0
0
4
1
0
0
4
8
1
3
5
3
1
7
0
0
0
8
0
0
2
1
4
4
0
0
0
1
0
0
0
0
1
1
0
2
1
3
0
3
2
2
4 23
0 10
0 20

0
1
0
21
12
0
9
2
6
17
4
4
0
1
0
0
0
0
0
1
0
0
0
1
2
5
2
1
0
1
0
29
49 41
23 17
0
0
0
0
0
4
1
11
3
2
4
0
2
2
2
1

aGroups A-E were maintained on a 16-hour photoperiod. A
B, and C received prolactin at 8, 12, and 16 hr, respec
tively, after the probable daily increase in concentration
of plasma corticosterone (21:00); D received saline at 12
hr after daily rise in levels of endogenous corticosterone
E consisted of untreated birds maintained indoors; F-, and
Fp were untreated birds maintained outdoors and tested in
early (F-^) and late (Fp) November.
^One activity unit = a minimum of four perch registrations
per 8-min interval.
cThe moon was prominent and visible to the birds through
out most of the night.
dMoon visible only during a short interval of the night.

TABLE XVIII
EFFECTS OF CORTICOSTERONE AND PROLACTIN ON ORIENTATION OF NOCTURNAL ACTIVITY
IN PHOTOREFRACTORY WHITE-THROATED SPARROWS TESTED DURING OCTOBER AND NOVEMBER

a

4.
Mean Direction
(degrees)

Angular D«
(degr<

Group

Bird

Body Weight
(grai

A

4-517
5643
4354

24
21
21

0
0
0

B

5635
4105
4083
4123
5559
4304

27
28
51
26
28
29

1
2
3
1
2
2

338
330
35
352
9
29

48
46
62
58
55
54

C

4071
4086
4090
5632
4318

27
26
26
25
28

1
1
1
0
2

330
25
0
45
22

53
35
46
76
59

D

3631
4080
4223
4328
4344
4345

21
23
24

0
0
1

22
22
20

0
0
0

E

Index^

—

— —

—

—

—

—

— —

—

—

—

—

—
—

—

24?

—

76

TABLE XVIII— Continued
2

*
Pat Indexp

4
Mean Direction
(degrees)

Group

Bird

Body Weight
(grama)

Angular Deviation
(degrees)

p_
1

4305
434-3
4326

23
22
24

0
0
1

180
197
180

66
61
66

P«
2

4305
4343
4326

2?
25
25

2
2
1

237
263
215

42
33
68

1.

All groups, except P^ and Pg, were maintained on a 16-hour photoperiod except
during the timeB of testing under the open sky (2200-0100). Groups A, B, and
C received prolactin at 8, 12, and 16 hours, respectively, after the probable
daily increase in concentration of plasma corticosterone (2100); D received
saline at 12 hours after daily rise in levels of endogenous corticosterone;
E consisted of untreated birds maintained indoors; P^ and P2 were untreated
birds maintained outdoors and tested in early (P^) and late (F2) November.

2.

Represents the weight of the bird atthe time of testing.

3.

Visual inspection, where 0 » none, 1■ slight, 2 ■ moderate,

4.

Degrees from true North where North ■ 0 or 360°.

3 * heavy.

TABLE XIX

ANALYSIS OP VARIANCE OP ORIENTATIONAL ACTIVITY
OP INDIVIDUAL WHITE-THROATED SPARROWS TESTED ON
CLEAR NIGHTS IN OCTOBER AND NOVEMBER, 1971
(EXPERIMENT 4)
SS

Source

df

Group

6

6224.3724

1037-40

19

1431.1708

75.32

7

913.2557

130.47

42

7921.9917

188.62

Error

135

5695.1958

42.83

Corrected Total

207

23370.4183

Bird (Group)
Direction
Group X Direction

** » p<0.01

P

MS

13.77** *

3.04675**
4.40482**

t

TABLE XX

CLIMATOLOGICAL DATA DURING TEST HOURS
(2100-0100) EOR EXPERIMENT 4
Rel.
Hum.
(*)

Wind Dir.
(degrees from
true N)

Wind Speed
(Knots)

87

160

7

23

90

130

7

0

21

87

60

4

10/20/71

0

19

84

70

6

10/21/71

0

20

84

50

5

10/22/71

0

20

84

320

5

10/24/71

0

18

84

00

0

10/25/71

Q

18

84

00

0

10/26/71

0

18

84

190

5

10/31/71

0

21

87

80

4

11/02/71

0

23

87

150

4

11/03/71

0

10

59

550

6

11/04/71

0

9

86

00

0

11/22/71

10

8

63

100

9

11/24/71

0

6

89

10

4

Sky Cover
(tenths)

Temp.
(c°)

10/16/71

10

22

10/18/71

0

10/19/71

Date

TABLE XXI
MEAN SEASONAL VARIATIONS IN MIGRATORY PARAMETERS OP
WHITE-THROATED SPARROWS MAINTAINED ON WINTERING GROUNDS
IN OUTDOOR AVIARIES (n=5 or more)
Body Weight
(grams)

Lipid Index
(# Dry Weight)

Paired Testes
(mg)

Ovary
(mg)

Molt

Zugunruhe

April 15

21

16

1-6

9-5

May 15

32

55

50.4

26.1

July 15

25

14

280.4

August

22

12

4.2

8.4

October 25

28

31

5-0

5-8

—

Slight

November 21

24

19

2.1

4.9

—

Moderate

Partial
—

Slight
Heavy

150.2
Complete

—
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Figure X.
Northern breeding grounds and southern wintering grounds
of the white-throated sparrow, Zonotrichia albicollis.
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0347

mmm

Breeding grounds

lllllfllllllllHU Wintering grounds

Figure 2.
Cut-away view of an Emlen-type conical orientation cage.
A«opaque masonite cover, B=aluminura screen, C=hardware
cloth cover, D=conical blotting paper, E=quart size
aluminum pan with inked sponge glued to its inner bottom.
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> A
B
C

E

Figure 3.
Typical nocturnal orientational displays of whitethroated sparrows in two distinct physiological condi
tions as recorded in Emlen cones. The bird on the left
has registered a southward display thus indicating an
autumnal physiological state whereas the bird on the
right has registered a northward display which indicates
a vernal physiological state.
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Figure 4-.
Densitometer scale used to quantify footprint records
taken of birds demonstrating nocturnal activity while
caged in Emlen conical orientation cages.
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Figure 5Octagonal orientation cages employing eight electroni
cally registering movable sections of the cage floor.
Each floor section registers the activity that occurs
in one of eight compass headings (N, NE, E, SE, S, SW,
W, NW).
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Figure 6.
Typical Esterline-Angus recording tape displays of noc
turnal orientation of white-throated sparrows which
were brought, simultaneously, into two distinct
physiological states of migratory readiness and tested
during the autumnal night in the octagonal activity cages
shown in Figure 5- Tape A shows the southward orienta
tional display of a bird in the autumnal migratory state
whereas Tape B demonstrates the northward orientational
display of a bird in the vernal migratory state. NW-W
are compass headings corresponding to the sections of
floor which would activate the channel pins 1-8 respec
tively. 2000-2400 represent the local time prevailing
during this demonstration.
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Figure 7*
Vector summaries of nocturnal orientation of whitethroated sparrows injected with prolactin four hours
following injection of corticosterone (0800) and tested
on three consecutive nights under late winter skies
between the hours of 2100-2400 (Experiment 1). Arrows
denote mean direction. All diagrams are plotted such
that the radius of each circle equals the greatest number
of units of activity possible on the densitometer scale,
20 (Figure 4), and all vector values less than 20 are
expressed as percentages of this maximum. (N=Horth,
S=South).
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Figure 8.
Vector summaries of nocturnal orientation of whitethroated sparrows injected with prolactin eight hours fol
lowing injections of corticosterone (0800) and tested on
three consecutive nights under late winter skies between
the hours of 2100-2400 (Experiment 1). All diagrams are
plotted such that the radius of each circle equals the
greatest number of units of activity possible on the
densitometer scale, 20 (Figure 4), and all vector values
less than 20 are expressed as percentages of this maxi
mum. (N=North, S=South).
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Figure 9*
Vector summaries of nocturnal orientation of whitethroated sparrows injected with prolactin twelve hours
following injections of corticosterone (0800) and tested
on three consecutive nights under late winter skies
between the hours of 2100-2*4-00 (Experiment 1). Arrows
denote mean direction* All diagrams are plotted such
that the radius of each circle equals the greatest number
of units of activity possible on the densitometer scale,
20 (Figure 4), and all vector values less than 20 are
expressed as percentages of this maximum* (N»North,
S«=South) •
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Figure 10.
Vector summaries of nocturnal orientation of whitethroated, sparrows injected with prolactin twelve hours
following injections of physiological (0.84#; saline
(0800) and tested on three consecutive nights under late
winter skies between the hours of 2100-2400 (Experiment
1). All diagrams are plotted such that the radius of
each circle equals the greatest number of units of
activity possible on the densitometer scale, 20
(Figure 4), and all vector values less than 20 are
expressed as percentages of this maximum. (N*Horth,
S»South).
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Figure 11*
Vector summaries of nocturnal orientation of untreated
white-throated sparrows maintained indoors in continuous
dim light and tested on three consecutive nights under
late winter skies between the hours of 2100-24-00
(Experiment 1). All diagrams are plotted such that the
radius of each circle equals the greatest number of units
of activity possible on the densitometer scale, 20
(Figure 4-), and all vector values less than 20 are ex
pressed as percentages of this maximum.
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Figure 12.
Vector summaries of nocturnal orientation of untreated
white-throated sparrows maintained outdoors in screened
aviaries and tested on three consecutive nights under
late winter skies between the hours of 2100-2400
(Experiment 1). All diagrams are plotted such that the
radius of each circle equals the greatest number of
units of activity possible on the densitometer scale,
20 (Figure 4), and all vector values less than 20 are
expressed as percentages of this maximum.
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Figure 13.
Vector summaries of nocturnal orientation of whitethroated sparrows injected with prolactin four hours fol
lowing injection of corticosterone (0800) and tested on
three consecutive nights under late spring skies between
the hours of 2100-2400 (Experiment 2). Arrows denote
mean direction. All diagrams are plotted such that the
radius of each circle equals the greatest number of units
of activity possible on the densitometer scale, 20
(Figure 4), and all vector values less than 20 are ex
pressed as percentages of this maximum.
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Figure 14.
Vector summaries of nocturnal orientation of whitethroated sparrows injected with prolactin twelve hours
following injections of corticosterone (0800) and tested
on three consecutive nights under late spring skies
between the hours of 2100-2400 (Experiment 2). Arrows
denote mean direction. All diagrams are plotted such
that the radius of each circle equals the greatest
number of units of activity possible on the densitometer
scale, 20 (Figure 4), and all vector values less than
20 are expressed as percentages of this maximum.
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Figure 15.
Vector summaries of nocturnal orientation of untreated
white-throated sparrows maintained indoors and tested on
three consecutive nights under late srrnnr skies between
the hours of 2100-2400 (Experiment 2). All diagrams are
plotted such that the radius of each circle equals the
greatest number of units of activity possible on the
densitometer scale, 20 (Figure 4), and all vector values
less than 20 are expressed as percentages of this
maximum.
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Figure 16.
Vector summaries of nocturnal orientation of untreated
white-throated sparrows maintained in outdoor screened
aviaries and tested on three consecutive nights under
late spring skies between the hours of 2100-2400
(Experiment 2). Arrows denote mean direction. All dia
grams are plotted such that the radius of each circle
equals the greatest number of units of activity possible
on the densitometer scale, 20 (Figure *0, and all vector
values less than 20 are expressed as percentages of this
maximum.
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Figure 17Vector summaries of nocturnal orientation of whitethroated sparrows injected with prolactin four hours fol
lowing injections of corticosterone
and tested on
two consecutive nights under late spring skies between
the hours of 2100-2400 (Experiment 5). Arrows denote
mean direction. All diagrams are plotted such that the
radius of each circle equals the greatest number of units
of activity possible on the densitometer scale, 20
(Figure 4), and all vector values less than 20 are ex
pressed as percentages of this maximum.
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Figure 18.
Vector summaries of nocturnal orientation of whitethroated sparrows injected with prolactin eight hours fol
lowing injections of corticosterone (0800) and tested on
two consecutive nights under late winter skies between
the hours of 2100-2400 (Experiment 3). All diagrams are
plotted such that the radius of each circle equals the
greatest number of units of activity possible on the
densitometer scale, 20 (Figure 4), and all vector values
less than 20 are expressed as percentages of this maxi
mum. (N^North, S=South).
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Figure 19Vector summaries of nocturnal orientation of whitethroated sparrows injected with prolactin twelve hours
following injections of corticosterone (0800) and tested
on two consecutive nights under late winter skies between
the hours of 2100-2400 (Experiment 3). Arrows denote
mean direction. All diagrams are plotted such that the
radius of each circle equals the greatest number of units
of activity possible on the densitometer scale, 20
(Figure 4), and all vector values less than 20 are
expressed as percentages of this maximum. (N=North,
S=South)•
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Figure 20.
Vector summaries of nocturnal orientation of whitethroated sparrows injected with physiological saline
(0.84#) four hours following infections of corticos
terone (0800) and tested on two consecutive nights under
late winter skies between the hours of 2100-24-00
(Experiment 3). All diagrams are plotted such that the
radius of each circle equals the greatest number of units
of activity possible on the densitometer scale, 20
(Figure 4-), and all vector values less than 20 are ex
pressed as percentages of this maximum.
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Figure 21.
Vector summaries of nocturnal orientation of whitethroated sparrows injected with physiological saline
(0.84#) twelve hours following injections of corti
costerone (0800) and tested on two consecutive nights
under late winter skies between the hours of 2100-2400
(Experiment 4). All diagrams are plotted such that the
radius of each circle equals the greatest number of units
of activity possible on the densitometer scale, 20
(Figure 4), and all vector values less than 20 are
expressed as percentages of this maximum.
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Figure 22.
Vector summaries of nocturnal orientation of untreated
white-throated sparrows maintained indoors in continuous
dim light and tested on two consecutive nights under
late winter skies between the hours of 2100-2400
(Experiment 3). All diagrams are nlotted such that the
radius of each circle equals the greatest number of units
of activity possible on the densitometer scale, 20
(Figure 4), and all vector values less than 20 are ex
pressed as percentages of this maximum.
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Figure 23.
Vector summaries of nocturnal orientation of whitethroated sparrows injected with prolactin eight (A),
twelve (B) and sixteen (C) hours after the rise in
endogenous levels of plasma corticosterone (2100) and
tested under autumnal night skies between the hours of
2000-0300 (Experiment 4). Each dot represents one
activity unit (A- + perch registrations per eight minute
interval). Arrows denote mean direction. N*North,
S«South. Bird band numbers are given at the lower left
of each diagram.
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Figure 24.
Vector summaries of nocturnal orientation of whitethroated. sparrows tested under autumnal night skies
between the hours of 2000-0300 (Experiment 4). Group D
received injections of physiological saline (0.84#)
twelve hours following the rise in endogenous levels of
plasma corticosterone (2100). Group E consisted of
untreated birds kept indoors. Group F^ and F2 were iden
tical and consisted of birds maintained in outdoor
screened aviaries and tested in early (Fj) and late (Eg)
November. Each dot represents one activity unit (4 +
perch registrations per eight minute interval). Arrows
denote mean direction. N-North, S»South. Bird band
numbers are given at the lower left of each diagram.
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SUMMARY
Oriented nocturnal locomotor activity was induced
in migratory white-throated sparrows under the open night
sky by injection of hormones.

In experiments performed

on birds maintained in continuous dim light before and
during the vernal migratory season, injections of pro
lactin administered four hours after the time of
injections of corticosterone induced locomotor restless
ness oriented southward.

Injections of prolactin given

twelve hours after injections of corticosterone promoted
northward orientation.

In a study of another group of

birds maintained on a sixteen-hour daily photoperiod in
the fall, injections of prolactin twelve hours or sixteen
hours after the probable daily rise of plasma corti
costerone stimulated nocturnal restlessness that was
oriented northward.

Injections of prolactin at eight

hours after the increase in levels of plasma corti
costerone did not stimulate nocturnal activity.

Moreover,

when saline was substituted for either nrolactin or
corticosterone, there was no orientation nor any
nocturnal activity.

These findings indicate that

specific temporal phase relationships between corti
costerone and prolactin can induce vernal or autumnal
migratory orientation.
140

141

Migratory orientation persisted even under adverse
conditions of low temperature and overcast skies*
However, angular deviation was greater and nocturnal
activity was less when the skies were heavily overcasts
It is concluded that the orientation of migratory
activity is controlled by a temporal synergism of
corticosterone and prolactin.

Northward migration is

induced by a twelve hour interval between the two
hormones (C-P-12) and southward migration is induced by
a four hour (C-F-4) separation between the two endocrine
factors.
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